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LITERATURE REVIEW 

The toxic effect of galactose on green plants was observed first 
by Knudson (7) in his experiments on vetch (Vicia villosa L.) 
and Canada field pea (Pisum sativum L.). He found that plants 
when grown in two per cent galactose media, very early in their 
development showed browning, discoloration, and marked injury— 
the injury being manifested by a killing of the roots and accom- 
panied by a reduction in the growth of the tops. He showed, 
furthermore, that whereas galactose acted deleteriously toward the 
roots of the Canada field pea, the sugars, glucose and sucrose, 
acted beneficially when compared with the check cultures of green 
plants grown without sugar. The manner in which injury is 
caused by the galactose was not determined by Knudson. He 
suggested, however, the possibility that the oxidation products 
of galactose are the injurious agents causing the toxic effects on 
green plants. 

In a later paper Knudson (8) discovered that mannose sugar 
behaved in a manner similar to that of galactose, causing discolora- 


tion, injury and retardation of root growth in the presence of 
mannose at a concentration of 0.025 mol. He found also that the 


toxic effects of galactose and of mannose sugars were prevented 
in the presence of an equal concentration of glucose or sucrose. 
[Mycotocia for September—October (30: 481-600) was issued 
October 1, 1938] 
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Knudson failed, however, to account for the manner in which 
these harmful effects were caused other than by his original sug- 
gestion in regard to the possible toxic nature of the oxidation 
products of galactose. In explanation of the antagonism shown 
to exist between galactose and glucose, in which the roots of 
green plants showed no injurious effects when grown on media 
containing these sugars combined in equal concentrations, he of- 
fered the suggestion that there existed a selective phenomenon in 
the plant preventing the absorption of galactose in the presence of 
glucose. 

In a series of experiments on the pea (Pisum sativum L.) Hei- 
nonen (4), elaborating on the experiments of Knudson, found in 
the main results similar to those reported by Knudson. She dis- 
covered that the affected roots showed bulbous enlargements to- 
ward the tips as well as marked discoloration followed by eventual 
death of the roots. In addition she found that green plants grown 
in media containing a mixture of galactose and glucose exhibited 
antagonism only so long as the glucose was present in the culture 
media. When growth of the green plants was extended over a 
period of time sufficiently long to exhaust the glucose contained 
within the culture media, then the galactose present showed its 
toxic effects through responses of the roots in exhibiting discol- 
orations and other injurious features. In accordance with the 
suggested explanation of Knudson, she believed also that the 
absorption of galactose was prevented by the presence of glucose 
and that the toxic effects of galactose on the roots of green plants 
might be due to the oxidation products of galactose. She did not, 
however, offer any experimental proof to substantiate this belief. 

Investigating the effect of galactose on non-green plants, Horr 
(5) used two species of fungi; namely Aspergillus niger van 
Tiegh and Penicillum glaucum Link. Recording his data on a 
quantitative dry-weight basis, Horr found for galactose, when 
compared with glucose, a decided decrease in the quantity of 
mycelium produced by the former sugar during a definite period 
of time when the fungi were grown on media containing two per 
cent concentrations. Furthermore, he found that the growth in- 
hibiting effect of galactose was prevented in media containing a 
mixture of galactose and glucose. In fact an accelerated growth 
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response resulted in fungi raised on media containing a mixture 


of the sugars, galactose and glucose. In the presence of galactose 
Horr found that Aspergillus niger and Penicillum glaucum showed 
a reduction in spore germination, a retardation in the rate of my- 
celial growth, irregularities in the formation of hyphal threads, 
and a marked decrease in the quantity of mycelium produced in a 
definite period of time. In principle his results compared favor- 
ably with the experimental data previously recorded by Knudson 
and Heinonen in their experiments on green plants. He differed 
noticeably, however, in the tentative conclusions he drew from his 
experimental observations. The evidence available to Horr did 
not seem to warrant the interpretation offered by Knudson that 
the injurious effects exhibited by non-green plants were due to 
the toxic nature of galactose, or to its oxidation products. Horr 
believed rather that the retardation in growth, the decreased 
weight of mycelium, and other responses were due, largely, to the 
unavailability of the sugar galactose, which serves as a poor source 
of carbon for fungi, or to the slow absorption of galactose by the 
plant since a delayed growth rather than toxic characteristics was 
usually the principal plant response. He does not, however, offer 
any conclusive or satisfactory evidence in support of this ex- 
planation. 

To,.some extent the work of Horr agrees with the findings re- 
corded in an earlier paper by Matsumato (9) in which from direct 
experimental data with glucose, fructose, and galactose sugars, he 
inferred that all the monosaccharides were directly utilizable by 
various strains of Rhizoctonia D.C. with approximately equal 
availability. Matsumato found further that the same strains of 
Rhizoctonia were capable of converting sucrose into glucose and 
fructose as well as being able to hydrolyze starch, thus making 
these carbohydrates available also as sources of carbon. 

Coons (1) studying the factors involved in the growth and 
reproduction of Plenodomus fuscomaculans Sacc. found that the 
sugars glucose, galactose, and sucrose served equally well as 
sources of carbon in stimulating and sustaining vegetative growth. 
He found also that the highly soluble carbohydrates, increasing 
the sugar concentration of the media, induced an abundant vege- 
tative growth while the slightly soluble carbohydrates, decreasing 
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the sugar concentration of the media, induced reproductive devel- 
opment but supported only a weak vegetative growth. On the 
basis of the results obtained from the highly soluble and slightly 
soluble carbohydrates, Coons concluded that the difference in 
growth forms is connected with the amount of food supply avail- 
able rather than with the specific nature of the sugar. It would 
seem to the writer that this observation, if correct, would further 
strengthen the position taken by Horr that the lessened avail- 
ability of galactose rather than its toxic nature is instrumental in 
reducing the growth of non-green plants. 

In view of the marked unfavorable responses of chlorophyllous 
plants to the carbohydrate galactose, as shown by the experiments 
of Knudson and Heinonen, who demonstrated the toxic nature of 
galactose on the roots of green plants, the work described in this 
paper was undertaken to discover, if possible, whether similar 
toxic effects could be demonstrated in the case of galactose towards 
non-chlorophyllous plants. Furthermore, in the event that galac- 
tose toxicity was shown to hold for non-green plants, it was the 
aim of the writer to attempt to further clarify the situation as to 
the nature of the toxic effects. The present research was com- 
pleted sometime before the publication of the paper by Horr who 
approaches the problem from a similar angle, although he limits 
his investigation to two closely related species of fungi and records 
his data on a quantitative dry-weight basis. This article, how- 
ever, as here presented, is written and discussed in the light of 
Horr’s findings. 


METHODS AND PROCEDURES 


To obtain a representative selection of non-green plants, a 
choice of material was made from several of the subdivisions of 
fungi. Care was exercised, moreover, in the selection of species 
to secure forms with varying morphological and physiological 
characteristics. This was done in order to provide a large variety 
of forms over as broad a field of fungi as possible, and yet con- 
sistent with the adequacy of the laboratory equipment available. 
However, the maintenance of efficient and satisfactory manipula- 
tion of the many cultures involved in these experiments necessi- 
tated limiting the number used to six different species. 
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The species finally accepted were Phytophthora Cactorum (Leb. 
& Cohn) Schr. and Saprolegnia ferax (Graith) Thuret to repre- 
sent the Phycomycetes, the species Sclerotinia cinerea (Bon.) 
Schr. and Physalospora Cydoniae (Berk.) Shear to represent the 
Ascomycetes, while Alternaria Solani (Ellis & Mart.) Jones and 
Grout and Sclerotium Rolfsii Sacc. were taken to represent the 
Fungi Imperfecti. Taken from six different genera, the six spe- 
cies of fungi used in this experiment were renewed from labora- 
tory stock cultures by growth from single spore, single sclerotial 
initial or hyphal tip—the pure cultures being acquired through the 
dilution method. After purification of the fungi, they were grown 
for several generations on ordinary potato media to confirm and 
check their approximation to type cultures. The fungi were then 
grown on the basic experimental media before being used in this 
experiment. 

The three basic media chosen as comparative substrata for this 
research were those of Czapek, Waksman and Sabouraud. The 
principal ingredients in Czapek’s media, in Waksman’s and Sabou- 


raud’s media are given in grams (Table I). 











TABLE I 
INGREDIENTS IN GRAMS 
Czapek Waksman Sabouraud 
2 NaNO; 5 Peptone 10 Peptone 
1 KH.PO, 1 KH.PO, 15 Agar 
5 KCl .5 MgSO, 7 HO 2% (Carbohydrates) 
.5 MgSO, 7 H:O 15 Agar Litre Dist. Water 
.01 FeSO, 2% (Carbohydrates) 
15 Agar Litre Dist. Water 


2% (Carbohydrates) 
Litre Dist. Water 





Four carbohydrates were used, namely glucose, galactose, su- 
crose and starch. These four carbohydrates were each separately 
substituted in a two per cent concentration in all three of the 
basic media, namely Czapek, Waksman, and Sabouraud. The 
supposedly toxic galactose was observed in contrast to the non- 
toxic carbohydrates, glucose, sucrose and starch. The media thus 
combined for these experiments then may be further simplified 
by an examination of the arrangement given in Table II. The 
abbreviated symbols, introduced here (Table II), will be main- 
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tained throughout the experimental and discussional portions of 
this paper. 


TABLE II 
SYMBOLS FOR CARBOHYDRATE MEDIA 











| Czapek | Waksman | Sabouraud 
oS RSE | Cz-gl | Wk-gl Sa-gl 
CHNINOE Ss og ccs on es Cz-ga Wk-ga | Sa-ga 
CS ere aoe Cz-su Wk-su | Sa-su 
a ae Cz-st Wk-st Sa-st 





All ingredients used in these media, whether carbohydrate or 
mineral in nature, were introduced as chemically pure substances. 
The reaction of the media in all instances was adjusted to the 
neutral point and the media were solidified with one and one-half 
per cent agar. The media were sterilized in an autoclave for 20 
minutes at 15 lbs. pressure, and the sugars were added after 
sterilization by filtration. 

Each fungus used in this experiment was grown in triplicate 
sets on all twelve combinations of media established (Table I). 
In the beginning the main difficulty was to determine a procedure 
to grow the fungi under uniform conditions of temperature and 
moisture, and to record the data at approximately uniform inter- 
vals of time. The fungi were developed in large-sized petri dishes 
containing a uniformly thick layer of culture media. Records 
were made daily and graphs were constructed from the average 
of readings from each triplicate set of uniform growth. The 
fungi were grown in the dark in an incubator at a constant mois- 
ture content and a temperature of 23° C. In all cases the data 
observed were recorded as a linear measurement of the vegetative 
growth rate, estimated on the basis of the diameter of the fungous 
surface-mat. The readings were taken by transmitted light with 
the low magnification objective of a compound microscope. 

In all inoculations made during the course of the experiments, 
the cultures were planted by means of a nichrome loop so fash- 
ioned as to transfer always a uniformly-sized disk of the fungous 
mat. For the sake of conciseness the data here assembled are 
presented largely in the form of composite graphs. 
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EXPERIMENTATION AND DATA 


The experimental data is recorded under three series of experi- 
ments. The first series of experiments, covering the tests on 


Czapek’s media, is given graphically and in detail; the second 
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series, covering the work on Waksman’s media, is given graphi- 
cally but by only one example; while the third series of experi- 
ments, covering the work on Sabouraud’s media, is given in brief 
form similar to that of the second series of experiments. 

The graph in figure 1 shows the vegetative growth response of 
the fungus Saprolegnia ferax on Czapek’s media in the presence 
of the four carbohydrates indicated by lines on the graph and by 
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symbols; namely, Cz-gl, Cz-ga, Cz-su, Cz-st (Table II). The 
growth rate of Saprolegnia ferax, taken as a linear measurement 


of the diameter of the surface fungous-mat, is recorded in milli- 
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Fig 2- PuyTopHtHora cactornum Grown on Czapex's mena 


meters over equal periods of time in days. Under the conditions 
of this experiment, growth is decidedly lessened in the presence 
of galactose compared with the rate of growth in the presence of 
glucose. In this instance, with Saprolegnia ferax the growth rate 


is also relatively low on sucrose. 








EDGECOMBE: GROWTH OF CERTAIN FUNGI 609 


In figure 2 the experimental conditions are the same as those 
standardized for figure 1. The vegetative growth response of 
Phytophthora Cactorum on Czapek’s media for the four carbo- 
hydrates under consideration parallels that of Saprolegnia ferax 
remarkably well. In the presence of galactose, Phytophthora Cac- 
torum shows a marked decrease in rate of growth and on sucrose 
the growth is also lessened. 

In figures 3, 4, and 5, the growth responses on Czapek’s media 
are similar to those already indicated in figure 1. No marked 
deviation in growth rate, however, is shown on sucrose. On 
galactose in those three experiments the fungi Physalospora Cy- 
doniae (FG. 3), Sclerotinia cinerea (FIG. 4), and Alternaria So- 
lani (F1G. 5), showed some decrease in the rate of mycelial growth, 
although this decrease in growth was not nearly so pronounced as 
was shown for Saprolegnia ferax (F1G. 1) and Phytophthora Cac- 
torum (FIG. 2) when grown on the same kind of media. 

Sclerotium Rolfsii (F1c. 6) grown on Czapek’s medium showed 
a different or refractory vegetative growth response. On this 
medium with galactose sugar there was a marked increase in the 
rate of growth, measured linearly, and the quantity of mycelium 
produced was only slightly less in abundance when observed macro- 
scopically in comparison to the quantity of growth produced on 
the contrasting carbohydrates. This, as the only exception en- 
countered in this study, might bear further investigation. 

Since in the second series of experiments peptone was added 
to an otherwise partially synthetic medium, the responses of the 
non-green plants to the carbohydrates present in this test would 
not be at all comparable to the responses shown in the first series 
of experiments. The series of experiments on Waksman’s me- 
dium was made to discover if galactose exerted any inhibiting ef- 
fects in the presence of peptone on such a medium. While there 
seemed to be less differentiation generally among the carbohydrates, 
however, in all cases tested it appeared that the rate of growth was 
depressed in the presence of galactose. Of the six composite 
graphs developed in this series of experiments to cover the six 
fungi selected, only one is given here in order to demonstrate the 
type of response found. This procedure is followed here be- 
cause the experiments in this series were done as an explorative 
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venture and add nothing more to the interpretation other than what 
may be observed from a single type graph. Figure 7 introduced 


here, therefore, shows the type of response in the second series of 
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Fic 3 — Puysarospora crvoniae Grown on CZAPEK’s MEDIA 


experiments as exhibited by Phytophthora Cactorum when grown 
on Waksman’s medium with the specific carbohydrate ingredients ; 
namely Wk-gl, Wk-ga, Wk-su, Wk-st. 

The third series of experiments was performed with much the 
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same object in view as that followed in the second series. In the 


third series of experiments Sabouraud’s medium were used in an 
exploratory approach. Sabouraud is a simple protein agar me- 
dium in which, through the complete suppression of any synthetic 
ingredients and with the introduction of peptone as a substitute, a 
suitable growth medium for fungi is obtained. Under these con- 
ditions in the fungi studied, galactose did not always appear to 
suppress the rate of growth. In some cases, however, decrease in 
rate of vegetative growth appeared sufficiently well defined to make 
record here. Figure 8 shows the graph of Phytophthora Cactorum 
on Sabouraud’s media with the results against all four carbo- 
hydrates recorded, namely Sa-gl, Sa-ga, Sa-su, Sa-st. The graph 
shows, in general, lagging in the growth rate of Phytophthora Cac- 
torum on these media though, as already indicated, this did not 
always hold true in the case of the other fungi examined. 

As a matter of interest and clarification, two graphs are intro- 
duced here which give for a single fungus the complete results 
of all three media (namely Cz., Wk., Sa.) in relation to all four 
carbohydrates (namely gl., ga., su., st.) either in composite or 
simple combined form. Figure 9 shows the assembled results for 
Saprolegnia ferax, and figure 10 shows a similar compilation of 
data for Sclerotium Rolfsii. In figure 9 the graph lines repre- 
senting the different carbohydrates for Sabouraud and Waksman 
media were so close together that they are combined in this plate 
to avoid congestion and confusion when interpreting the data on 
Saprolegnia ferax. In figure 10 which shows the graph lines for 
Sclerotium Rolfsii, all four carbohydrates for the three basic media 
remain distinct. The variance for galactose in Sclerotium Rolfsii 
on Czapek’s medium is well illustrated. 

The complete data for the width of hyphae is summarized in 
Table III. The measurements are given in microns. In the 
presence of galactose the width of the hyphae is consistently nar- 
rower. This change in width of hyphae is uniformly more pro- 
nounced on Czapek’s medium, as would be expected, than on 
either Waksman’s or Sabouraud’s medium. Here again Sclero- 
tium Rolfsii is somewhat refractory. 
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TABLE. IIT. 
Wiorr OF Hyenae 


Giucose Sucrose Gacactose STARCH 


Sarrorecwia LCz 10 14 9 14 
We. 18 17 1 
Sas 20 19 
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Many references have been made in the literature calling atten- 
tion to the toxic effect of galactose on the roots of green plants. 
The papers of Knudson (7) and (8) and that of Heinonen (4) 
probably make the most valuable contributions in this respect and 
offer the most searching study of the problem thus far in relation 
to green plants. In the main they both find parallel responses to 


galactose on the roots of green plants. Heinonen, however, de 
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velops the question much further than Knudson but like Knudson 
offers no conclusive evidence in support of her findings. 

Through their investigations they came separately to the conclu- 
sion that green plants were injured in a medium containing galac- 
tose. In the presence of galactose the roots of green plants 
showed discoloration, browning, abnormal structures and reduced 
growth. Knudson and Heinonen believed that the injuries oc- 
curring to the roots in the presence of galactose were due directly 
to the toxic nature of the sugar or indirectly to the oxidation prod- 
ucts of galactose. In the absence of more recent literature to 
modify their explanation this point of view will be accepted. 

In a similar manner, though with less frequency, articles from 
time to time have occurred in the literature relating to the effect 
of galactose on non-green plants. These references in the main 
have occurred indirectly during the investigation of a different 
problem. A thorough study of the literature on this aspect of 
the problem has been made by Horr (5) who discussed and sum- 
marized the different points of view. The reader is referred to 
this article for a summary of the situation relative to the effect 
of galactose on non-green plants. Because of the availability of 
this summary of the literature, only one or two references pre- 
ceding the experimental work of Horr will be considered. 

In an attempt to determine whether or not galactose is toxic to 
certain non-green plants as well as to certain green plants, Horr 
(5) grew the fungi Aspergillus niger and Penicillium glaucum for 
limited periods of time on synthetic media containing two per cent 
galactose. Under these conditions of growth he found both for 
Aspergillus niger and Penicillium glaucum that there resulted de- 
layed germination of spores, reduced growth of mycelium, and 
finally the development of abnormal mycelial branches in the pres- 
ence of galactose. Horr established these results on the basis of 
the rate of growth, estimated from the dry weight of the mycelium 
formed in liquid media. 

In view of the experimental data obtained relative to slow spore 
germination, retardation of growth, and somewhat abnormal hy- 
phal filaments when fungi are grown on galactose media, but 
without regarding these deleterious effects as evidences of toxicity 
when there is no actual indication of cell discoloration or cell 
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destruction, Horr (5) came to the conclusion that galatose is 
merely a poor source of carbon for fungi, and that the fungi 


Aspergillus niger and Penicillium glaucum merely utilizes galactose 
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very slowly compared with the utilization of dextrose by the same 
Horr further found that galactose, when mixed with 


fungi. 
dextrose in suitable proportions, caused an acceleration in growth 


of the same non-green plants. 














EDGECOMBE: GROWTH OF CERTAIN FUNGI 


is 
; Se ee 








Gro 


Acrernaria on C2areK 


30 





Gu = 
Sy =----- 
Ga =—-— 
St =—--— 

















‘ 1 Time in Days \ : 1 
10 


8) 5 is 20 
Fic.S-A\crernaria SOLAN! GROWN ON OZAPEK'S MEDIA 


The question of galactose toxicity on the roots of green plants, 
initiated first by Knudson (7), is expanded by Horr (5) who re- 
views the suggestions offered by Knudson in explanation of the 
toxic nature of galactose and, at least, shows in most instances 
the inapplicability of the explanation in relation to galactose tox- 


icity toward non-green plants. However, Horr does not go far 
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enough in his generalizations, probably because of the limited 
nature of the illustrative material used in his experiments. 
Although Horr worked entirely with a limited number and 
variety of fungi, the apparent different retarding responses ob- 
served may be typically characteristic of non-green plants, whereas 
toxic reactions may be the principal responses in green plants. 
These differences in plant responses to galactose evidently warrant 
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the statement by Horr that non-green plants are more tolerant to- 
ward different sugars than are the green plants. The non-green 
plants indicate ability to utilize galactose as a source of carbon and 
do not exhibit particularly definite toxic effects as are specifically 
shown by the roots of many green plants under like conditions. 

The work of Matsumato (9) in his findings from the growth of 
strains of Ahizoctonia on monosaccharide media supports the con- 
clusions of Horr in that galactose was found to be available as a 
source of carbon to the fungous strains of Rhizoctonia. 

Horr’s conclusions are somewhat further supported by the find- 
ings of Coons (1) who, while working with the fungus Pleno- 
domus fuscomaculans, found that the phases in the life cycle of 
the fungus were determined by the concentration of the sugar in 
the media due to the solubility of the carbohydrates present. 
Coons concluded that the differences in the growth form of fungi 
are connected with the amount of sugar supply available rather 
than with the specific nature of the sugar supplied. 

In conjunction with other workers, therefore, the work of Horr 
appears to confirm the general belief that non-green plants respond 
less rapidly to and are affected less noticeably by the deleterious 
action of galactose than green plants, under similar conditions of 
growth. 

The experimental results of the writer also show that galactose 
is a poor source of carbohydrates for non-green plants. The 
changes expressed by the fungi, moreover, in the presence of 
galactose, indicate that there is no ready availability of the galac- 
tose for the plant or that the sugar can only be absorbed with 
extreme slowness. 

Grown on galactose media the rate of growth of the fungi used 
in these experiments, compared with the rate of growth when the 
fungi were grown on a non-galactose but carbohydrate medium, 
was always slower as is shown graphically in figures 1, 2, 3, 4, and 
5 where the fungi were cultured on Czapek’s medium, namely 
Cz-gl, Cz-ga, Cz-su, Cz-st. On the contrary, however, the fungus 
Sclerotium Rolfsti showed refractory responses to galactose, giving 
increased rate of growth, as is shown in the graph of figure 6, 
when cultured on Czapek’s media, namely Cz-gl, Cz-ga, Cz-su, 
Cz-st. Is the variance shown by this fungus a peculiarity of the 
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mycelia sterilia group of fungi, or 


which might indicate the possibility 


may show increased rate of growth 


. 30, 1938 


just an individual variation 
that some non-green plants 


in the presence of galactose, 
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as has been reported in some instances for green plants in the 
presence of galactose. No explanation is offered for this unex- 
pected behavior. The result in this case needs further investiga- 
tion. The rate of growth in all cases was estimated by linear 


measurement on the basis of the diameter of the fungous-mat. 
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In most cases where estimates were made, the abundance of 
mycelium produced was always decidedly less when the fungi 
were grown on a galactose agar medium. This estimate was made 
macroscopically from a careful observation of the culture plants, 
depending solely on the quantity, thickness, and height of the 
mycelial mat. 

On recording the data relating to the rate of growth during 
equivalent increments of time the microscopic field showed other 
additional features. First, there were no indications of discolora- 
tion, death of hyphal tips, nor disintegration of the fungous fila- 
ments on galactose media as was shown by the roots of green 
plants under similar conditions of growth, indicated by Knudson 
(8). In the second place, however, the mycelial filaments, shown 
in Table III, were regularly somewhat narrower on galactose 
media than the hyphal filaments when grown in dextrose agar 
media. Furthermore on galactose the mycelium showed many 
hyphal branches that were dwarfed and still other irregularities 
such as enlarged cells. 

In the series of exploratory experiments made on Waksman’s 
medium where, in addition to the sugars, the plant food peptone 
was added, the results in principle parallel those found when 
Czapek’s medium were used. In consequence of the presence of 
peptone, the rate of growth of all six fungi on all four carbohy- 
drates was increased. The lag in growth, however, of the fungi 
on media in which galactose as a sugar was used still appeared 
quite evident, but now on Waksman’s medium the fungus Sclero- 
tium Rolfsii showed no tendency to refractoriness. The behavior 


of the six fungi studied in this series is represented in this paper 





by one type—Phytophthora Cactorum (Fic.7). This type fungus 
shows graphs for the four carbohydrates, one each for Wk-gl, 
Kk-ga, Wk-su, Wk-st. 

The exploratory experiments made on Sabouraud’s medium in 
which the sugars were added to media already suitable for the 
active growth of fungi, showed a situation in which the rate of 
growth of all six fungi on all four carbohydrates was increased, 
even more so than a similar increase in growth shown on Waks- 
man’s medium. The lag in growth in the presence of galactose was 


still very evident but again Sclerotium Rolfsii showed no refrac- 
) £ J 
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toriness. Phytophthora Cactorum (Fic. 8) was selected as a type 
to represent this series of experiments. In the graph the data 
from the four carbohydrates are assembled, namely Sa-gl, Sa-ga, 
Sa-su, Sa-st. 

The graphs represented in figure 9 for Saprolegnia ferax show 
comparatively the rates of growth on the three basic media. The 
growth rates for the carbohydrates in the case of Waksman’s and 
Sabouraud’s media are here combined, while the results of rate of 
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growth on Czapek’s medium for all four sugars are individualized 
by the graphs Cz-gl, Cz-ga, Cz-su, Cz-st. These graphs, shown 
in figure 9, indicate quite clearly the increase of rate of growth 
maintained on Waksman’s and Sabouraud’s media, as compared 
with the rate of growth made by the same fungus on Czapek’s 
medium. 

An attempt is made in figure 10 to show comparatively the 12 
graphs of all four sugars on the three different media employed. 
Out of a possible six the one fungus, Sclerotium Rolfsii, is se- 
lected for this example. Here the rate of growth on all kinds of 
carbohydrate media used, is assembled individually on a compara- 
tive basis. On Czapek’s medium with galactose as a component, 
Sclerotium Rolfsit is refractory. On Waksman’s and Sabou- 
raud’s media the fungus is not refractory. The lag in growth rate 
of galactose in Waksman’s medium is well marked by Sclerotinm 
Rolfsii in figure 10. The rate of growth on Sabouraud’s medium 
is very pronounced and growth with galactose as a sugar ingredient 
is also accelerated. 

The width of the fungus hyphae in all six species shows a 
smaller diameter when measured in microns by the high objective 
of a compound microscope in those experiments in which the 
fungus grew on a galactose ingredient medium. This was true 
whether the fungus was cultivated on Czapek’s, Waksman’s, or 
Sabouraud’s media. The distinction is illustrated in the results 
of this experiment and is shown by the barred numbers in Table 
III. 

That other fungi exhibit retarded growth rate in the presence 
of galactose compared with the rate of growth in the presence of 
glucose, was recently very clearly demonstrated by Kinsel (6) for 
the corn inhabiting species of Diplodia. In a period of three 
weeks, according to Kinsel, the quantity of mycelium produced 
by Diplodia Zeae on Richard’s synthetic medium with galactose 
used as the source of carbohydrate, was only half the quantity 
produced when glucose was added as the source of carbohydrate. 

In view of the data compiled by Knudson and Horr and the 
inferences or conclusions they draw from these data, together with 
the results of the experiments reported in this paper, the writer 


is inclined to believe: First, that non-green plants are less suscep- 
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tible than green plants to the inhibiting effect of galactose in their 
immediate environment; and second, that galactose is not toxic to 
non-green plants as it appears to be, from well established experi- 
mental data, towards the roots of green plants; furthermore, that 
galactose as a source of carbohydrate for non-green plants is some- 
what less available than glucose under the same growth conditions, 
and that galactose is less readily absorbed than glucose by non- 
green plants. Galactose is utilized by plants with greater diffi- 
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culty than glucose according to Maximov (10) because of its 
somewhat different atomic configuration. 

The fact that the effect of galactose on non-green plants is dif- 
ferent from its effects on green plants is not to present a divergent 
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point of view. Green plants are adapted to the reception of foods 





as carbohydrates of a limited variety, principally glucose since they 
depend for sugars normally on a common photosynthetic process, 
thereby obtaining sugars uniformly in a specific form. For that 
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reason the green plant may be less tolerant toward sugars of a 
diverse nature. Non-green plants, on the contrary, appear to be 
more tolerant toward many different sugars than their green 
plant relatives. In this instance the non-green plant is dependent 
on the utilization of the digested products of highly organized 
organic substances from a great variety of outside sources, ob- 
tained solely through its absorptive structures. Therefore, the 


non-green plants may have become adapted to the utilization of 
different available simple sugars, resulting from the digestion of 
complex organic compounds. This view is supported by the in- 


vestigations of Euler (2) on yeast, where it was found that a 
yeast was able to adapt itself to galactose as a source of carbon and 
in so doing increased its ability to ferment galactose much faster 
than it could ferment other sugars. 


NORTHWESTERN UNIVERSITY, 
EvANSTON, ILLINOIS 
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SPECIES OF CLADOSPORIUM ON TOMATO 
AND THE ALLERGIC RESPONSE IN 
MAN AS AN AID TO THEIR 
IDENTIFICATION * 


Emit F. GuspA? AND Francis M. RACKEMANN 3 


(wiTtH 1 FIGURE) 


Cladosporium fulvum Cooke was described in 1883 by M. C. 
Cooke (5) for the fungus causing disease of tomato leaves sent 
to him from North Carolina. Since then, the organism has been 
recognized all over the world as a serious leaf parasite of the 
tomato, especially tomatoes grown in greenhouses. Also, the 
fungus has been reported to cause rot in the stem end of the 
fruit by invasion from infected blasted blossom parts (Gardner 
(8), Makemson (13)). 

In 1887, Plowright (19), described a leaf mold disease on to- 
mato with spores of a beautiful violet tint which, for that char- 
acter alone, he named Cladosporium fulvum Cooke var. violaceum. 
Voglino (27) in 1912, unaware of this previously described violet 
variety, reported a similar aberrant form from Italy to which he 
gave the same name. In Italy, this violet variety was further 
encountered by Savelli (22) who made of it the basis of a paper 
to show that the violet color was a constant character and not inci- 
dental, and that it was to be regarded as a variation or mutation. 


Hasper (11), however, declared the variety to be unjustified in 


view of the fact that the violet color could be produced by a modi- 
fication of environmental factors, especially the alkalinity of the 
substratum. Makemson (13) reported that in culture the fungus 


1 The writers are gratefully indebted to Dr. W. W. Diehl, U. S. D. A., 
and Dr. G. D. Darker, Harvard University, for assistance in bringing to 
their attention some of the pertinent literature referred to in this paper. 

2 Plant Pathologist, Mass. State College, Field Station, Waltham, Mass. 

8 Associate in Medicine, Harvard Medical School, and Physician, Mass. 
General Hospital, Boston, Mass. 
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manifests a beautiful purple color and that on infected leaves this 
coloring matter is located in the conidia and conidiophores. Dif- 
fused light and dryness were factors contributing to its develop- 
ment. Schaffnit and Volk (23) noted changes in the color of the 
fungus on tomato foliage by varying the nutrition of the host plant. 
One of the present writers has observed the rich purple or violet 
color from time to time in older cultures and on infected tomato 
foliage but has never regarded it as of taxonomic significance 
because of its variability under changing conditions. In culture 
the fungus is rather slow growing and on cornmeal agar (Difco) 
the young single-spore colonies show a distinct yellow-brown or 
tawny color. Later, violet-purple and even crimson colors appear. 
The varietal name violaceum suggesting a violet form, therefore, 
can have no standing in the literature. 

Other names for the tomato leaf mold fungus have appeared in 
the literature to cause confusion. In 1899 McAlpine (14) from 
South Australia reported Cladosporium Solani McAlpine as new 
and destructive to tomato leaves. Judging from the description 
of the disease, the fungus could have been none other than tomato 
leaf mold caused by Cladosporium fulvum Cooke, which is now 
generally recognized in the literature from Australia. The name 
was used more recently (1919) in reporting a serious occurrence 
of tomato leaf mold in greenhouses near Indianapolis, Indiana 
(U. S. Dep. Agr. Pl. Dis. Bull. 3: No. 4, 57, Aug. 1, 1919). 
More recently, Esmarch (7) and two years later, Ludwig (12) 
used the name Cladosporium fuscum Link in their accounts of 
the tomato leaf mold disease (Braunfleckenkrankheit) in green- 
house culture in Germany. The species fuscum was described by 
Link (Linné. Sp. PI. p. 40) in 1824 on stems of Rosa in Germany 
and more recently reported in the United States on leaves of wild 
and cultivated rose (Anderson et al, 2). There is no literature 
to justify the substitution of C. fuscum Link for C. fulvum Cooke, 
and the use of the incorrect name seems to be authors’ errors 
rather than attempts to justify the validity of the name. 

Green tomatoes arriving on the Boston Produce Market from 
California often show considerable rot associated with what has 
been reported to be Cladosporium fulvum Cooke. Colored plates 
typical of this rot are shown by Ramsey and Link (20), and ac- 
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counts of the rot and of the environmental relations of the or- 
ganism are given by these authors and by Nightingale and Ramsey 
(15). These are, however, totally unlike our conception of Clado- 


sporium fulvum Cooke and of the rot which it produces in to- 
matoes. A review of the literature shows further confusion 
relative to the problem. 

Plowright (18) described Cladosporium Lycopersici associated 
with what we know as blossom end rot of tomato. The same dis- 
ease and organism were reported by Smith (25). Reinmuth (21) 
illustrated and described a similar rot at the blossom end and on 
incubation of the tomatoes obtained a dense growth of fungus 
which he identified as Cladosporium fulvum Cooke. Perotti and 
Cristofoletti (17) noted Cladosporium herbarum Link associated 
with dark-olive spots on green and ripe plum and pear tomatoes. 
Successful artificial infection of fruit removed from the plants 
was obtained by inoculations with the fungus from pure culture. 
Some decay was manifested after a month from the time of 
inoculation and only inoculations through injuries in the pericarp 
were successful. Tomatoes of large-fruiting varieties were re- 
sistant and none were. ever found infected in the market stalls. 
Likewise, fruits of susceptible sorts were resistant so long as they 
were growing on the plants. Halsted (10) reported a destructive 
rot of green and ripe tomatoes which he attributed to Cladospo- 
rium fulvum. His description of the rot which followed inocula- 
tions with spores of Cladosporium from tomato leaves clearly 
suggested some other causal organism. Little significance may 
be attached to this report since Halsted also entertained doubt 
as to the exact cause of the rot. Plowright (19) described spots 
which gave the tomato fruits a mottled appearance on reddening. 
No fungus was found with these spots but Cladosporium was 
suspected because of the destruction of the foliage by Clado- 
sporium fulvum. Since the stems were streaked, it is possible as 
Gardner (8) has suggested that the trouble could have been a 
virus disease. 

The various accounts of Cladosporium associated with tomato 
fruit rots, blossom end rot and sunscald suggest the fungus 
Cladosporium herbarum (Pers.) Link, usually regarded as the 
type species, certainly not C. fulvum Cooke. C. Lycopersici Plow. 
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may be regarded as a synonym of C. herbarum. A culture of 
Cladosporium herbarum Link from wheat supplied by the Cen- 
traalbureau voor Schimmelcultures (Baarn, Holland) is similar 
to the Cladosporium from green rotted tomatoes from California 
gathered on the Boston market, and to cultures from rotted pep- 
pers and tomatoes supplied by Dr. G. B. Ramsey, United States 
Department of Agriculture, and to a culture of Homodendron sp. 
supplied by Dr. S. M. Feinberg of Northwestern University Medi- 
cal School. 

The failure of the fungus isolated from green rotted tomatoes 
to produce decay in our inoculations of green tomato fruits and 
the fact that Nightingale and Ramsey (15) obtained very little 
decay of tomato fruits with it in their work, lead us to conclude 
that this species is a saprophyte or at the most a very weak patho- 
gen on tomato fruits. It seems clear that the brown and violet 
colored species on tomato leaves (fulvum) is totally distinct from 
the dark-olive colored species (herbarum) on decaying green to- 
matoes in transit or following .sunscald and blossom end rot.* 

The chief object of this paper is to present another method of 
differentiating closely related species and varieties of fungi. It is 
now recognized that fungi of different kinds, especially the im- 
perfect fungi, may cause asthma in certain persons who have 
developed a hypersensitiveness to their spores. This possibility 
was first suggested in 1924 by Cadham (3), who reported three 
cases of asthma in farmers working with wheat contaminated with 
rust caused by the fungus Puccinia graminis Pers. More perti- 
nent, however, is the report by Cobe (4) in 1932 who recognized 
that the violent asthma in his patient was due to the spores of 
Cladosporium fulvum to which the man was exposed by his work 
as a greenhouse tomato grower. When an extract of the mold 
growth was made and applied to a scratch in the patient’s skin, 
a raised wheal with surrounding erythema appeared within a few 

4 It seems desirable here to call attention to a few other errors of nomen- 
clature which have appeared in the literature. Ellis (6) reported Clado- 
sporium lycoperdinum Cooke on tomato fruits. This species was originally 
described on Lycoperdon, not Lycopersicum. Stevens (26) noted Clado- 
sportum scabies Cooke on tomato but this is a textbook error. These errors 


have been carried along in the literature; Seymour (24), Norton (16). In 
both instances the better name would appear to be C. herbarum (Pers.) Link. 
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minutes, and subsequently a course of treatment with the extract 
resulted in a reduction of the degree of sensitiveness such that 
asthma no longer occurred on exposure to the parasite. 


C pisicola Snyder (pea pod) 
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Fic. 1. Intracutaneous tests on E.F.G. sensitive to Cladosporium fulvum 
Cooke. Readings in 20 minutes. Figures under fungous names indicate 
milligrams total nitrogen per cc. Figures on diagrams indicate average 
diameter of urticarial wheal (solid line) and of surrounding erythema 
(dotted line). 

This condition of sensitiveness to Cladosporium fulvum is not 
common, but nevertheless, several cases similar in every way to 
that described by Cobe have come to our attention. Feinberg and 
Debtwater also have seen similar cases.° In April 1936, Guba 


5 Indicated in personal communication to one of the authors. 
































630 





MycotociA, Vor. 30, 1938 


(9) published a short note with a description of the symptoms as 
follows: “ The patient is overcome with spasms of violent sneez- 
ing, irritation of the skin, eyes, and mucous membranes, wheezing 
and discomfort at night, difficulty in breathing, irritation across 
the chest. These symptoms are associated with much flow of 
mucous from nose and throat which may continue like a cold for 
several days. Recovery is slow and gradual. On further ex- 
posure to plants infected with the fungus or in packing tomatoes 
gathered from infected plants, all symptoms return again.” 

Would patients of this sort show skin tests to other species of 
Cladosporium as well as to Cladosporium fulvum? The question 
was of considerable academic and perhaps practical importance, 
and to answer it, pure cultures of species of Cladosporium and 
other organisms were obtained as follows: 


Cladosporium pisicola Snyder from inside of pea pod from Corn- 
ish, Maine. Identity of fungus confirmed by Snyder (Phyto- 
path. 24: 890 and Errata; Plant Dis. Surv. 20: 301). Sub- 
mitted by Dr. Donald Folsont1. 

Cladosporium herbarum Link. Bennet Str. V from wheat. Cul- 
ture obtained from Centr. Bur. v. Schimmelcult., Baarn, Hol- 
land. 

Cladosporium fulvum Cooke from tomato leaves in greenhouse, 
Waltham, Mass., by E. F. Guba. 

Cladosporium sp. from popcorn kernels, Maine. Submitted by 
Dr. Donald Folsom. 

® Cladosporium herbarum Link from rotted California pepper, 
Chicago Terminal Market. Submitted by G. B. Ramsey as no. 
2485. 

® Cladosporium herbarum Link from rotted California green to- 
mato on Boston Produce Market by E. F. Guba. 

Mold extract (origin unknown) 





Alternaria sp. (origin unknown) 
Alternaria sp. from decayed squash. Concord, Mass., Dec. 20, 
1936, by E. F. Guba. 


Each culture was grown on potato agar in a 250 cc. Erlenmeyer 
flask. After about two weeks, the growth was treated by adding 


6 This organism on pepper and tomato has been mistaken in the literature 
for Cladosporium fulvum Cooke. 
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25 cc. of isotonic buffered phosphate solution called ‘“ Coca’s 
Ss fluid” to the flask and letting it stand for several hours, scraping 
the growth with a spatula from time to time. Then the extract 
was filtered through paper and finally sterilized by passage through 
a Seitz wafer. The total nitrogen was determined and each 


ce ee 


extract was so adjusted with the salt solution that it contained 
a. about 0.02 mg. N per cc. Skin tests were then made with each 
; extract, by the intracutaneous method, injecting tiny amounts with 
a needle between the layers of the skin. The reactions which de- 
veloped in fifteen minutes are indicated diagrammatically in fig- 
ure 1. 

The differences in the cutaneous responses are well marked. 
| Cladosporium fulvum gave a large irregular wheal, and this par- 
ticular test was made with a higher dilution, containing only 0.002 
mg. N. Three of the Cladosporia gave entirely negative tests and 
so provide a valuable control. Particular interest attaches to the 
tests with the two strains of Cladosporium herbarum Link. The 
strain obtained from the rotted California green tomato does give 





a small response while the other strain from rotted California 
pepper is negative. However, the differences are slight and may 
well be due to the technique of the tests including some variation 
in the nitrogen content of the particular extracts used. Control 
tests with other molds extracted in the same way are essentially 
negative. 

These clinical observations have been made so far on only one 
case but the results are so striking that they “ must be ” reported! 
Whereas the size of reactions in other cases may vary considerably, 
there is no doubt about the fact that skin tests in susceptible indi- 
viduals show clear-cut differences between the extracts of different 
species of Cladosporium. This biologic test appears to be a new 
method by which varieties of fungi can be distinguished one from 
another and with considerable certainty. 

Another biologic method was used by Almon and Stovall (1) 
in their study of Monilia and other yeast-like organisms. They 
immunized rabbits with a series of intravenous doses of an extract 
obtained by washing malt agar plates with a solution containing 
0.50 per cent NaCl and 0.10 per cent Formalin. The serum of 
the treated animals was used for various agglutination and absorp- 
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tion procedures. A good deal of crossed reaction was found and 
the reactions were not always specific for the particular strain 
employed. It is recognized, however, that no test for circulating 
antibodies can reach the delicacy of the test for fixed antibodies in 
the skin. Obviously a direct comparison of the two methods 
would make an interesting experimental study. 


SUMMARY 


Cladosporium fulvum Cooke var. violaceum Plowr. and C. 
Solani McAlpine are synonyms of C. fulvum Cooke. The fungus 
is the cause of the leaf mold disease of tomato. On rare occasions 
it causes a rot only in the stem end of the fruit following infection 
of the blossom parts. The color of the fungus in culture and on 
its host is variable under changing conditions and therefore is not 
a distinguishing character. 

Cladosporium fuscum Link, originally reported on rose stems, 
is different from C. fulvum Cooke. The name can not be used 
for the tomato leaf mold fungus. 

C. Lycopersici Plowr., C. fulvum Cooke and C. herbarum Link 
have frequently been identified with the decay of tomato fruits in 
transit and market stalls and following sunscald and blossom-end 
rot. C. fulvum Cooke does not occur in this manner and ac- 
counts of decay of tomatoes identified with this fungus clearly 
show that the wrong name has been used. C. Lycopersici Plowr. 
appears to be the same as C. herbarum Link, generally regarded as 
the type. 

Cladosporium scabies Cooke was originally a textbook error. 
C. lycoperdinum Cooke once reported on tomato fruits was orig- 
inally described on Lycoperdon sporophore and has nothing to 
do with the genus Lycopersicum. C. herbarum would seem to be 
the better name in this case. 

C. fulvum Cooke is the cause of a violent asthma in human be- 
ings and skin tests with extracts of the fungus produce a marked 
reaction. 

Intracutaneous skin tests with extracts of several different spe- 
cies of Cladosporium on a susceptible individual show well-marked 
differences, and a very great difference between C. fulvum Cooke 
and C. herbarum Cooke, the former from greenhouse tomato 
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leaves and the latter from rotted California tomatoes and peppers. 


The results point to the fact that individuals allergic to fungi 


show strong differences to extracts of species in the same genus 
and that this biologic test appears to offer another method by 
which closely related fungi may be distinguished one from another 


and with considerable certainty. 
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MORPHOLOGY AND CYTOLOGY OF 
GUEPINIA SPATHULARIA 


StsteR Mary CEcIL1a BopMAN 


(witH 44 FIGURES) 


Two-spored basidia occur in a number of Basidiomycetes, 
among which may be mentioned the common cultivated form of 
Agaricus campestris, Amanita bisporigera, Craterellus cornucopi- 
oides and a number of Gasteromycetes. In all of these cases, 
however, the two-spored condition is exceptional, the great major- 
ity of the species of the Agaricales having four-spored basidia ; 
the Gasteromycetes, while more variable in this respect, frequently 
have more than four. The Dacryomycetaceae is the only extensive 
group in which the basidium is consistently two-spored. It fol- 
lows that members of this family afford particularly favorable 
material for studies which attempt to correlate the two-spored 
with the more usual four-spored condition. The questions to be 
considered are: Does nuclear fusion take place in the young ba- 
sidium, and is it followed by meiosis in the usual manner? If so, 
what disposition is made of the resulting four nuclei? Do two 
nuclei pass into each spore? Does the basidium produce a second 
crop of spores? Or do two of the nuclei remain within the ba- 
sidium, degenerating with it? Previous reports are far from 
agreeing in their answers to these questions and it seems desirable 
to attempt to throw more light upon the problem. 

The species chosen, Guépinia Spathularia, was selected because 
it is exceedingly common in North America, it is a typical member 
of the Dacryomycetaceae and it has not previously been studied 
cytologically. Although apparently not indigenous to Europe, its 
taxonomic position has been considered so frequently that it may 
be said to be universally known. In addition, an abundant supply 
of early stages was at hand, permitting observations upon the 
morphological development of the basidiocarp, to whicli little at- 
tention has been paid in tremellaceous fungi. The reasons for 
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adopting the name here applied have recently been discussed at 
length (16). 

A complete review of the literature treating this species has not 
been attempted. Originally described by Schweinitz as a Meru- 
lius, it was given the name here adopted in 1828 by Fries (8) ; in 
the United States, Burt (3) and Coker (4) have published descrip- 
tive accounts. Fisher (7) and Martin and Huber (17) have de- 
scribed its occurrence in Iowa. Fisher’s paper (7) also contains 
a good account of the morphology of the mature sporophore. 
Creager (5), who germinated the spores and grew the mycelium 
upon culture media, gives the method of germination of the spores, 
the development of the mycelium, and a brief account of an 
experiment upon the pigmentation. 

Buller’s account (2) of the discharge of the spores in the Ba- 
sidiomycetes, and of the subsequent collapse of the basidia is 
especially valuable because his experiments were performed upon 
living material. 

Levine (14) published in 1913 a tabulated account of the cyto- 
logical studies made upon the Basidiomycetes up to that time. 
That portion relating to the Dacryomycetaceae seems to be quite 
complete. Those papers are reviewed briefly here, and the two 
papers published since Levine wrote in 1913 added to the list. 

The first cytological studies upon the Dacryomycetaceae were 
made by Dangeard in 1895 (6). He studied Dacryomyces deli- 
quescens Bull. and Calocera viscosa Pers., noting the fusion of 
the primary nuclei and the organization of the nucleus. However, 
he observed only one division of the fusion nucleus, and stated that 
one nucleus passed into each of the two spores. 

In the same year Istvanffi (11) described Dacryomyces chryso- 
comus (Bull.) Tul. noting two divisions of the fusion nucleus, 
but, interestingly enough, failed to mention the fusion of the 
primary nuclei. He followed the passage of the nuclei into the 
two epibasidia, and noted that only one nucleus passed into each 
spore. He then postulated the formation of a second crop of 
spores. 

Juel (12), studying Dacryomyces deliquescens (Bull.) Duby, de- 
scribed the details of the meiotic process. His account of nuclear 
division and spore formation agrees with that of Istvanffi, except 
that he does not mention a second crop of spores. 
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Maire’s account (15) of the cytology of Dacryomyces deliques- 
cens also confirms Istvanffi’s findings. He gives the chromosome 
number as two. He says that in Calocera cornea Fries either two 
or four nuclei may be formed. If two, only one set of spores is 
borne; if four, then two sets are produced upon each basidium. 

Wager’s account (20) of an unspecified Dacryomyces agrees 
with those of the earlier workers. He dismisses the possibility of 
a second crop of spores as based upon insufficient evidence, and 
states that it is not impossible that two nuclei pass into each spore. 
He gives four as the chromosome number. 

The most recent worker upon this family, E. M. Gilbert (10), 
used three different Dacryomyces, but did not give the species. He 
found centrosomes to be present, gave four as the chromosome 
number, and stated that two nuclei remain in the hypobasidium and 
degenerate. 

The work of these students shows that there are present in the 
young dacrymycetaceous basidium, as in general among the ba- 
sidiomycetes, two primary nuclei, which fuse and immediately 
divide meiotically, forming four nuclei. Two spores are pro- 
duced, apparently uninucleate. These spores may be one, three 
or more septate. The final disposition of the four nuclei is not 
so definitely established. The assumption of Istvanffi and Maire 
that two crops of spores are produced seems to be an inference 
not based upon actual observation, inasmuch as the basidium col- 
lapses after spore production, and becomes practically invisibile. 
Wager introduces another possibility—that two nuclei pass into 
each spore. This alternative is also suggested by Rosenvinge (18) 
for Craterellus cornucopioides. E. M. Gilbert stated that two 
nuclei remain behind and degenerate with the basidium. Juel’s 
paper implies the same, although he does not make a definite state- 
ment to that effect. Gilbert appears to be the only one who has 
actually seen the degenerating nuclei. It is unfortunate that he 
does not give the species of Dacryomyces he studied. 

In order to determine the most satisfactory method of killing 
and fixing the material, sporophores were fixed in each of the 
following solutions: formalin-acetic acid-alcohol, weaker Flem- 
ming’s, Bouin’s solution, and Allen’s modification of Bouin’s 


solution. 
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The material was left in the fixing solution for from 24 to 
48 hours, and washed in running water. It was then dehydrated 
in a butyl alcohol series. The materials are ordinarily left in the 
lower concentrations for one hour, but this was found to be in- 
adequate. A weak solution of Fast Green that had been placed in 
the 60 per cent alcohol penetrated scarcely more than the cortex 
of the fructification. Subsequent material was accordingly left 
in each concentration for a half day or longer, and for 24 hours 
in 100 per cent butyl alcohol. 

The material was embedded in paraffin with a melting point of 
52° and cut at 5p. None of the material which had been fixed 
in Bouin’s solution was usable. The sections were so badly 
broken that they could not be mounted on the slides, and were 
therefore discarded. As identical methods of embedding and de- 
hydrating had been used, the failure was attributed to the fixing 
solution. 

The sections were stained in Flemming’s triple, or in Haiden- 
hain’s haematoxylin. The haematoxylin was the more satisfac- 
tory for showing nuclear detail, and was employed for all the 
slides used in the cytological study. Sections were left in 5 per 
cent iron alum for from two to five hours; washed thoroughly in 
distilled water, and transferred to the haematoxylin. Sections left 
for two hours in the mordant were stained for five hours, while 
those that had remained in the mordant for five hours were stained 
for a shorter period, usually for three hours or less. The latter 
proved to be the more satisfactory. 

After the slides were removed from the staining dishes, they 
were washed in tap water and then in several changes of distilled 
water. Destaining was done with 2 per cent iron alum. No 
counterstain was used. While the basidia were in all cases un- 
equally stained, in each section a certain number were satisfactory 
for the study of nuclei. In the best preparations the cytoplasm 
appears as a pale gray background, with the nucleus showing as a 
dense, black body. Material which had been fixed in Allen’s mod- 
ification of Bouin’s solution furnished the sections which have 
proved most useful. Sections fixed in weaker Flemming’s solu- 
tion or in FAA were also satisfactory. 


The material used in the morphological study was cut at 10, 
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and stained with Fast Green SF or with Phloxine. An aqueous 
solution of acid fuchsin was also employed, but was not successful. 
The hyphal walls seemed to be impervious to most dyes, and often 
only one or two sections on a slide absorbed the stain. A few 
slides were stained with Delafield’s haematoxylin to show the nu- 
clei and the septa, as this relationship is not shown by Haidenhain’s 
ees | ; dab 

Guepinia Spathularia is entirely saprobic and appears typically 
upon decorticated wood, growing in lines from cracks or upon the 
surface. The specimens used in this study were collected in Iowa 
City, upon decaying apple wood. The fructifications are firm and 
somewhat tough in consistency, bright-orange in color, and are 
divided into a distinct stalk and head. They vary from less than 
five to about fifteen millimeters in height, and have the spathulate 
form which gives the specific name. Some sporophores were 
clavate in shape, while others were almost lobed. 

The stipe is somewhat darker than the head, and slightly to- 
mentose. The orange or yellow head is gelatinous in appearance, 
in spite of its tough consistency, and becomes very thin at the 
edges. As the fruit body becomes larger it droops over toward 
the wood upon which it is growing. The surface which is toward 
the wood becomes marked with one or more cantharelloid folds, 
and upon this inferior portion the hymenium is borne. 

The hymenium matures very early. Specimens weré found in 
which little or no differentiation of stipe from head was evident, 
but which nevertheless were shedding spores. The fructification 
is xeric, becoming dormant during dry periods, and reviving and 
again shedding spores in moist weather, so that spores are pro- 
duced over a long period of time. Morphological differentiation 
may no doubt continue, even though the reproductive portion is 
mature. 

The white mycelium is not visible upon the surface, but may 
be found just beneath it. A study of prepared sections shows 
that this mycelium may grow transversely through the medullary 
rays, or longitudinally through the vessels (Fic. 38). Within the 
vessels the hyphal strands are so closely crowded together that little 
of the relationship of one hypha to another may be seen, but in the 


rays they tend to be independent and parallel, so that the crossing 
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Fic. 38-41. 


and intertwining of the threads, and the numerous anastomoses 
may be seen. The hyphae measure about 1.5-2.5 and are 
smooth, with binucleate, somewhat elongated cells, which are 
swollen at the partitions. No clamp connections have been ob- 


served. 
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The fructification may be formed directly from the strands of 
mycelium which grow through the medullary rays. The loose 
ends of the hyphal strands separate when they reach the surface, 
branching and spreading in a fan-like manner (Fic. 38, 41, 42). 
The hyphae in the interior of the mass become more and more 
closely united, branching and anastomosing freely (Fic. 40, 42). 
The sporophores now consist of massed clusters of hyphae, sur- 
rounded by loose mycelial threads. As they lie upon the surface 
of the wood, they appear to be tiny, spherical, bright-orange 
masses, embedded in a dense white tomentum. This tomentose 
covering eventually disappears. 

If the hyphae which are growing through the medullary rays 
encounter a vessel whose walls have been weakened by decay, they 
will mass within this tube, forming a structure which in appear- 
ance resembles the beginnings of a sporophore (Fic. 39). How- 
ever, only the most immature stages were noted, except when the 
vessel in question was close to the surface. The hyphae then 
grew out into the air, and there completed the formation of the 
fructification (FIG. 43). 

There seem to be two factors attendant upon the formation of 
the fruit bodies. One is the release of pressure, the other is the 
presence of air. The presence of light may also be a factor in 
development—at least, sporophores developed in the laboratory 
during the months of November and December were distinctly 
etiolated ; the etiolation being evidenced by extreme elongation of 
the fructification, which assumed a cylindrical shape, and failed 
to develop a hymenium. There was no conspicuous change of 
color. 

The cortex is differentiated very early. The first step is a re- 
duction in size in the hyphae which form the outer portion of the 
sporophore. These smaller mycelial threads form a layer which 
is regular in depth and which surrounds the exposed portion of 
the sporophore. The reduction in size is abrupt, so that the divi- 
sion between the larger medullary and the small cortical hyphae 
is very distinct. The gelatinous matrix in which the hymenium, 
when it appears, will be embedded, also is present. There is at 
the same time, little or no evidence of a stipe, and almost no 
alteration in the appearance of the medulla (Fic. 41). Since the 
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cortical hyphae are the only ones which have been changed, it may 
be that the tremellaceous sheath is formed from them. The sporo- 
phore at this time presents the translucent, distinctly gelatinous ap- 
pearance of a tremellaceous fungus. 

In the next stage to be examined, the hymenium was already dif- 
ferentiated and spores had matured, although the sporophore was 
still ovate in shape. The hymenium covered one side almost to 
the base, as well as the rounded top of the fructification (Fic. 44). 
A subhymenial layer of fine hyphae, similar to the cortical layer 
previously described but not so regularly delimited, was present, 
while the hyphae of the medulla were still large and undifferenti- 
ated. Ina region in the middle and toward the base of the sporo- 
phore, however, these medullary hyphae had arranged themselves 
in rows which were somewhat parallel. This condition existed 
down through the base of the fruiting body, where the hyphae be- 
came continuous with the mycelium in the ray. This was the first 
evidence of the differentiation of a stalk. The cylindrical cortical 
cells, which are peculiar to this species, may also be seen. 

In later development, the sporophore was taller and broader, 
but much compressed. The hymenium did not extend quite to 
the top of the fructification, and reached downward to a point 
only slightly above the top of the stalk. Growth seemed to be an 
intercalary expansion of the sterile hyphae, in such a fashion that 
the hymenium which formerly had covered much of the surface, 
was now confined to a single region. Development seemed to be 
at the expense of the compactness of the medullary hyphae, which 
became less dense, spreading so much in some cases that there 
appeared a hollow region in the middle of the sporophore. The 
elongation of the stipe seemed to take place beneath the lower 
limit of the hymenium. 

When the structure is viewed in cross section, the hymenium is 
seen to extend about half way around the fructification. On each 
side, the basidia blend gradually with the cortical hairs, becoming 
fewer and more scattered. The hymenium is underlaid by a 
rather firmly woven subhymenial layer which does not seem to 
become thinner with the expansion of the sporophore. The ba- 
sidia are small, at first cylindrical, and borne at the ends of 
branching hyphae. Two or three basidia in different stages of 
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Fic. 42-44. 


development may be seen upon one hyphal strand. There are no 
cystidia nor paraphyses. Any paraphysis-like structures which 
may be present are merely young basidia. No imperfect repro- 
ductive structures, such as oidia, were observed. 


The basidium is a typical dacryomycetaceous basidium. The 


probasidium is slender and cylindrical, becoming somewhat clavate 
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at the time of the differentiation of the epibasidia. The two epi- 
basidia appear at either side of the tip of the basidium and grow 


toward the surface of the gelatinous sheath. They have about 


the same diameter as the hypobasidium, and the greater number 
are about the same length. Some, however, which are very close 
to the surface may have very short, stubby epibasidia, and a few 
which are deeply embedded may have longer, thinner ones. 

The spores in the material used in this study measured 9-10 
3-4 ». These measurements agree most closely with Fisher's, but 
are well within the limits given by Burt and others. They are 
apiculate, allantoid and are one-celled at discharge. Creager states 
that this is to be regarded as the mature stage, and that the appear- 
ance of the septum indicates the beginning of germination. No 
spore which had germinated beyond the production of a septum 
was observed in my material, but Creager has covered very ade- 
quately this phase of development. He found that the method 
of germination depends upon the type of substrate, and discovered 
that either a germ tube, or globose conidia, or both, may be pro- 
duced. If both are produced, then each cell may produce either 
or both. 

The young basidia are filled with a finely granular, homo- 
geneous, rather darkly-stained cytoplasm, and contain two very 
small nuclei, longitudinally arranged in the middle of the basidium. 
These prefusion nuclei are so small that an accurate account of 
their structure is impossible. A careful observer, however, may 
note the very black, minute nucleolus surrounded by a distinct 
hyaline area, and a very delicate nuclear membrane (FIG. 1). 
There is no doubt a septum at the base of the larger basidium 
shown in this figure, but its presence is not brought out by the 
stain, as mentioned before. 

The fusion of these two nuclei produces one which is from 
three to five times the diameter of the primary resting nuclei 
(Fic. 2). There seems to be no definite time at which nuclear 
fusion takes place. I have seen the large, distinct spindle which 
appears at the first division of the fusion nucleus in basidia as yet 
so slender that the walls were bulged to accommodate it (Fic. 5). 
I have also seen the same stage in basidia which were clavate, or 
already broadened and flattened at the tip, and even in some in 


which the epibasidia had appeared (Fic. 9, 10). 
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It seems possible that fusion initiates in the basidium the series 
of morphological changes that are attendant upon the matura- 
tion of the nuclei, and that the two proceed simultaneously ; meiosis 
at some times running slightly ahead, and at others the morpho- 
logical development gaining the ascendency. 

The primary nuclei unite completely, and the fusion nucleus 
assumes the appearance of the resting stage. The single nucle- 
olus is large and centrally placed, and the hyaline area and the 
nuclear membrane are very distinct. The cytoplasm retains its 
homogeneous appearance, apparently not becoming less dense as 
the basidium enlarges. 

The nucleolus now disappears, and a mass of darkly-stained 
particles which I regard as the chromosomes appears. These at 
first lie loosely within the nucleus (Fic. 3), and then arrange them- 
selves rather irregularly along the equator of the spindle (Fic. 4). 
The nucleus meanwhile has enlarged and become slightly oval in 
shape, with its long axis parallel with the long axis of the basidium. 
The clearly delimited hyaline area and the nuclear membrane per- 
sist. The chromosomes now begin to separate, and to move to- 
ward opposite sides of the membrane, and the strands of the 
spindle may be seen between the separating masses of chromatin 
(Fic. 5). The spindle is always parallel with the long axis of the 
basidium. There would be no room for any other arrangement, 
as the nucleus fills the basidium from wall to wall. The ends of 
the spindle do not converge, so that the fibers appear to be parallel 
(ric. 9, 10). The chromatin material lies loosely appressed to 
the nuclear membrane, at opposite sides of the nucleus. The 
membrane, and then the spindle soon disappear and the chromo- 
somes lie free in the cytoplasm, with a clear area between them 
(FIG. 7). They seem to lie almost in a straight line, side by side, 
and then resolve themselves into an irregular clump, which be- 
comes smaller. -A nuclear wall appears around each mass of 
chromosomes, the chromatin becomes reticulate in appearance, 
and a nucleolus appears in each daughter nucleus (Fic. 11). 
There is also visible in some nuclei a faint strand of darkly- 
staining material, connecting the nucleolus with the membrane 
(FIG. 12). No centrosomes or other bodies of such nature have 


been observed. 
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There appears to be a tendency on the part of the nuclei to 
migrate to the tip of the basidium, and in many cases one of the 
two large, darkly-stained resting nuclei may be seen close to the 
extreme tip (Fic. 11, 14). It is quite probable that this is due to 
the fact that in the enlarging basidium the cytoplasm tends to 
move toward the tip, carrying the nuclei with it. A second divi- 
sion now follows, and four nuclei may be seen, arranged longi- 
tudinally in the probasidium (Fic. 15). 

The morphological development proceeds as follows: The ba- 
sidium becomes longer and thicker, but remains very symmetrical 
in shape, and the cytoplasm continues to be very dense. At the 
same time, the primary nuclei fuse, and then proceed to the first 
of the meiotic divisions. Before there is any further change in 
the basidium, the daughter nuclei may divide, so that four nuclei 
are to be found, lying in a row, well up toward the tip of the 
basidium, as mentioned above. In other cases, the development 
of the basidium proceeds more rapidly, and by the time the first 
division has been completed the tip of the basidium has grown 
broad and flat and the two epibasidia have appeared (Fic. 13). 
Occasionally, well-developed epibasidia were seen while the fusion 
nucleus was still in the metaphase of the first division (Fic. 10). 

When the epibasidia have become about one-fourth the length 
of the hypobasidium, the cytoplasm of the latter begins to appear 
noticeably paler and thinner, and conspicuous vacuoles may be 
seen at the base. At this stage, four nuclei are usually apparent. 
The two nuclei which are nearest the tip are the first to pass into 
the epibasidia. They move up toward the top of the hypo- 
basidium until the uppermost one seems almost to come in contact 
with the wall at the tip. This nucleus then moves into one of 
the epibasidia, while the second, after also passing up directly to 
the tip, enters the other epibasidium (Fics. 16, 17). The second 
pair of nuclei now come up to the top of the hypobasidium, sepa- 
rate as before, and also pass, one into each of the epibasidia (FIG. 
18, 19). There are some variations. On one occasion, the first 
two nuclei had already passed into the epibasidium, while the sec- 
ond daughter nucleus, as yet undivided, lay almost at the tip of the 
hypobasidium (FIG. 22). In many cases, the first two nuclei 


passed into one epibasidium, the other two into the second (FiG. 
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20, 21). In another, one epibasidium was aborted, and all four 
nuclei passed into the second, which produced a spore containing 
at maturity only one nucleus (FIG. 23). The indications are, 
however, that in the larger number of cases, two nuclei pass into 
each epibasidium. 

As the epibasidia approach the surface they become narrower 
and a sterigma develops at the tip of each (Fic. 17). They grow 
through the gelatinous surface of the hymenial layer to the out- 
side, and then upon the sterigma there appears a slight swelling 
or vesicle which grows larger, and fills with protoplasm (Fic. 19). 
Sometimes a nucleus has by this time reached the tip of the epi- 
basidium and passes into the spore while this spore is as yet very 
small. At other times the spore, although almost mature in size, 
may contain no nucleus, and two nuclei may be seen in the epi- 
basidium (FIG. 27). 

The moving stream of cytoplasm carries the nucleus to the ex- 
treme end of the spore, which is so placed upon the sterigma that 
the concave surface is toward the axis of the basidium (Fic. 28). 
The sterigmata are long enough to permit the spore to be dis- 
charged without encountering any obstacle. 

The spores are so large in proportion to the size of the basidia 
that by the time they are mature there is little cytoplasm left in the 
basidia, which appear to be completely collapsed. In many in- 
stances, the two spores seem to appear and to mature simul- 
taneously. The cytoplasmic material is then divided equally be- 
tween them. At other times the development of one spore exceeds 
that of the other, and in such cases, E. J. Gilbert’s conjecture (9), 
in the case of the Boletaceae, that the tardiness of the second spore 
deprives it of its cytoplasm and of its opportunity for develop- 
ment seems highly probable. 

The spores are uninucleate. After they are discharged from 
the sterigmata, the nucleus moves from the distal end, where it 
has been forced by the entering cytoplasm, and takes up a posi- 
tion in the middle of the spore. Here it divides once, and the two 
daughter nuclei move away from the middle of the spore. A sep- 
tum is then laid down at right angles to the long axis, and the 
spore is ready for germination. Killermann (13) and Teng (19) 
mention a three-celled spore, and Creager a four, but none such 


have been observed in this study. 
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The second nucleus remains in the epibasidium or hypobasidium. 
The epibasidium has been observed bearing a completely mature 
spore containing one nucleus. The second nucleus was visible in 
the already partially collapsed epibasidium, apparently held in 
place by the deflated walls, which seemed too narrow to permit it 
to pass. Above this nucleus the epibasidium had collapsed; be- 
low, the presence of a small amount of protoplasm slightly dis- 
tended it. The line of separation was very distinct (FIG. 26). 
A complete basidium in which one nucleus had remained in the 
hypobasidium was also found. Faint strands of cytoplasm held 
it in place, while below it the empty walls were beginning to col- 
lapse. One of the epibasidia still held a deeply stained, uni- 
nucleate spore, and the other, from which the spore had been 
discharged, contained another nucleus, also held in place by cyto- 
plasmic strands (Fic. 25). 

The movement of the cytoplasm through the basidium, and its 
entrance into the spore seems to be a physical process, entirely 
subject to the variations which might prevail in protoplasmic 
movement directed toward a certain point by the release of pres- 
sure brought on by the expansion of a cell membrane. If the 
basidium grows rapidly, the protoplasm may flow quickly to the 
tip, carrying the nuclei with it. When growth is slower, the cyto- 
plasm will move more slowly, and one or more of the nuclei, which 
seem to be heavier than the cytoplasm, may be left behind. If the 
nuclei are close to the wall, they may also be held there. One epi- 
basidium may grow more rapidly than the other, in which event, 
two successive nuclei will pass into one; but if the two grow at the 

same rate, then one nucleus may pass into one, the other into the 
second. The reason why the third and fourth nuclei do not pass 
into the spores is not apparent, but the evidence seems clear that 
this does not occur. 

The production of two sets of spores seem improbable. The 
spores are so large in proportion to the size of the basidium that 
after two are produced, the basidium is almost entirely depleted. 
Buller describes the collapse of the basidium after the discharge of 
the spores in other members of the Dacryomycetaceae, and E. J. 
Gilbert brings forward the same argument for the Boletaceae. 
He also cites the discovery of “ giant” spores upon basidia which 


matured only one sterigma as a proof of the same statement. 
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The nuclei are so small that a count of the chromosomes is al- 
most impossible. There are certainly more than two. When the 
chromosomes separate at the anaphase, they are grouped together 
so closely that there may appear to be only two, but a more detailed 
examination shows that several discrete particles are present in 
each group. 

SUMMARY 


1. The mycelium of Guepinia Spathularia fills medullary rays 
and vessels of decaying wood, giving rise to fructifications at weak 
places where branches break through to the surface. 

2. Differentiation begins in the cortex. This is followed by the 
formation of a hymenium, and later, of a stalk. Finally, some 
changes take place in the appearance of the medulla. The hyphae 
are binucleate, but no clamp connections have been found. 

3. The young basidium is paraphysis-like, and binucleate. Its 
enlargement is inaugurated by the fusion of the primary nuclei. 

4. Two divisions of the fusion nucleus give four nuclei, longi- 
tudinally arranged in the basidium. The first of these divisions is 
regarded as the reduction division, but the chromosome number 
was not determined. 

5. Two nuclei pass into each epibasidium, but only one passes 
into each spore. The other remains in the epibasidium, there 
degenerating. 

6. The spores are uninucleate at discharge, but the nucleus soon 
divides and a septum is laid down, making the mature spore two- 


celled. 


The work was done in the mycological laboratory of the State 
University of Iowa, under the direction of Professor G. W. 
Martin. Photomicrographs were made by Mr. Travis W. Bras- 
field. 
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EXPLANATION OF FIGURES 


All figures showing microscopic detail drawn with aid of camera lucida, 
using Zeiss apochromatic objective HI90 and compensating ocular K15 and 
reduced in reproduction to approximately X 1000. 

Fic. 1, hyphal tip showing two young basidia, the two lower nuclei about 
to pass into the smaller basidium; 2, basidium, showing fusion nucleus; 
3, prophase of first division of fusion nucleus; 4, metaphase; 5, 6, late ana- 
phase, nuclear wall and spindle shown; 7, late anaphase, nuclear wall and 
spindle have disappeared; 8, fusion nucleus in developing basidium; 9, 
basidium in about the same stage as preceding, late anaphase; 10, anaphase 
in basidium with well-developed epibasidia; 11, binucleate stage; 12, same 
stage as preceding, lower nucleus showing attachment between nucleolus and 
nuclear membrane; 13, binucleate stage in well-developed basidium; 14, 
prophase of second division; 15, four nucleate stage; 16, first nucleus has 
passed into epibasidium, second almost touching tip of hypobasidium; 17, 
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18, one nucleus has passed into each epibasidium, sterigmata developing; 
19, spore-vesicles appearing at tips of sterigmata; 20, 21, two upper nuclei 
apparently entering same epibasidium; 22, on nuclei in one epibasidium, 
undivided nucleus about to pass into second; 23, one nucleus in spore, three 
in same epibasidium; 24, mature spores not yet dedncgnt 25, degenerating 
basidium with mature spore attached, the other presumably discharged; two 
nuclei and traces of cytoplasm left in basidium; 26, degenerating epi- 
basidium containing one nucleus and bearing a mature spore; 27, developing 
spore-vesicle with two nuclei in epibasidium; at right, younger spore already 
containing a nucleus; 28, mature spore, still attached to sterigma; 29, spore 
as discharged from sterigma; 30-35, stages in division of spore nuclei; 
note difference in orientation of spindle in 31 and 32; 36, 37, first stages in 
germination; the empty cell in 36 shows plainly the presence of a septum; 
38, longitudinal section of young sporocarps growing upon decayed wood: 
a, transverse growth of mycelium through medullary rays, b, longitudinal 
growth through vessels, c, growth of mycelium from rays into vessels, d, 
fanlike spreading of hyphae at surface; 39, formation of young sporocarp 
within a vessel, the mycelium entering the vessel through a ray; note absence 
of covering of loose hyphae; 40, origin of sporophore from mycelium in 
medullary ray, showing root-like thickening in the ray and globose head of 
the fructification; the mycelium of the head has become compact and the 
tomentose covering has begun to disappear; 41, more mature stage; the 
larger hyphae of the medulla, the finer cortical layer and the rind or cortex 
may be seen; 42, sporophores developing from rays; fructification above 
shows a compact basal portion which will form the body and a loose to- 
mentum which will disappear ; below an older stage of a similar sporophore ; 
43, sporophore which has developed from a trachea; the portion of the 
cortex which is shown is folded back upon the medulla; 44, young sporo- 
phore with hymenium already mature; the shape is no longer globose; 
elongation has begun; originally erect, the hymenium was at one side, 
passing part way over the top; on opposite side (toward top of page in 
illustration) may be seen the sterile cortical layer; the hyphae at the base 
are parallel in anticipation of the formation of the stalk. 


Epitor’s Note 


There is a difference of opinion on the spelling of the generic 
name Dacryomyces. The original spelling was with the “o.” 
When Fries took up the name from Nees he spelled it without 
the “o.” Whether intentionally or accidentally, we can only 
conjecture. The editor believes that it was purely an error on the 
part of Fries, and since the original spelling has been used in the 
recent volumes of Myco.ocia, it is retained here as an editorial 
policy and in the interests of consistency. 
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A MONOGRAPH OF THE GENUS CUNNING- 
HAMELLA WITH ADDITIONAL 
DESCRIPTIONS OF SEVERAL 
COMMON SPECIES 


Gorpon D. ALcorN AND CH¢RLES C, YEAGER 


(WITH 2 FIGURES) 


The genus Cunninghamella is an interesting one showing an 
unusually fine turf, well defined conidiophores and conidia, and 
rapid growth. Its history, though not a long one, is absorbing 
to the mycologist. As many of our present forms, the species C. 
echinulata Thaxter, was, in 1891, first placed in the Fungi Im- 
perfecti as Ocedocephalum echinulatum. In 1903, Matruchot 
transferred this species to the Mucorales on the basis of its non- 
septate mycelium, and because of its liability to be attacked by 
Piptocephalis, an obligate parasite on the Mucorales and a member 
of the Cephalidaceae. The perfect stage, zygospores, was not 
known until 1904 when their discovery by Blakeslee conformed the 
previous, unusual diagnosis. Since that time the remaining spe- 
cies have been presented, some of which have not shown zygo- 
spores, but because of outstanding similarities, must be placed 
with preceding forms of this genus. 

Due to the difficulty in identifying the various species of the 
genus under discussion, because of the scattered references, the 
authors felt that a bringing together of the known species as well 
as a list of the literature describing them, might prove helpful to 
students of Mycology. This problem of identification was forc- 
ibly brought to our attention, during the last year and a half, with 
the discovery as soil forms and laboratory contaminants, several 
species not agreeing with published descriptions. 

Our cultures of C. elegans and C. Bertholletiae were so different 
from original descriptions that difficulty in identification was ex- 
perienced. Several of our soil isolations were sent to Carnegie 
Institution at Cold Spring Harbor. Here Dr. Blakeslee and Miss 
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Satina made contrasts with our various cultures as well as known 
tester strains. One proved to be a (+) strain of C. elegans, and 
the other a (+) strain of C. Bertholletiae because of production 
of zygospores with Dr. Blakeslee’s known (—) strains of these 
species. 

It was thought that the key would be useful where original 
descriptions were not available. Also it was deemed advisable to 
insert our own descriptions following various species whose orig- 
inal descriptions seemed to be inadequate. 

The authors wish to thank Miss Satina, and Dr. Blakeslee of 
Cold Spring Harbor, Mr. Lynn Aitken of Kansas State Agricul- 
tural College, and Mr. Louis K. Mann, University of Idaho, who 
assisted in the investigation and photography; also Miss Ellen D. 
Chandler, University of Idaho, who aided in the translation of 
the original articles, and offered helpful suggestions in the prep- 


aration of the added descriptions. 


KEY TO SPECIES 
A. Terminal vesicles more than 50 in diameter. 
B. Lateral branches irregularly—cymosely branched. 
C. Turf white; terminal conidia oval, 9-18 wide, 124 long, 


long-echinulate, pedicillate.................-- 1. C. africana. 
CC. Turf white becoming yellowish; terminal conidia rounded, 
Pl I asa vor nectscseccecavscoeta Gs Se 


BB. Lateral branches opposite or whorled, variable in number. 
D. Turf white to ashy; conidiophores dichotomous; lateral 


branches more than 30m long..............e-- 3. C. elegans. 
DD. Turf white to silvery; conidiophores not dichotomous; lat- 
eral branches less than 30m long............ 4. C. verticillata. 
AA. Terminal vesicles less than 50 in diameter. 
E. Conidiophores unbranched......................5. C. microspora. 


EE. Conidiophores branched. 
I’, Terminal vesicle rounded, over 30 in diameter. 
G. Lateral conidia smaller than terminal..6. C. Bertholletiae 
Cree. ee INI -OMIIOE ioe inccvs cas tewidess 7. C. echinulata. 
FF, Terminal vesicles round-truncate, under 30 in diameter. 
8. C. Blakesleana 


DESCRIPTION OF SPECIES 
1. CUNNINGHAMELLA AFRICANA Matruchot. 

Turf white, filaments interwoven ; conidiophores erect, aseptate ; 
terminal vesicles spherical, 50-100 in diameter; lateral branches 
irregularly to cymosely arranged; lateral vesicles similar to ter- 
minal ; terminal conidia oval, 9-18 » wide by 12 p» long, pedicillate, 
long-echinulate ; lateral conidia similar to terminal. 
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ic. 1. Cunninghamella elegans. a, 
spores 3 X the scale. 2, Cunninghamella Bertholletiae. 


branching; c, spores 3 X the scale. 


a, 





b, 
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2. CUNNINGHAMELLA ALBIDA (Sacc.) Matruchot. 


Turf white to yellowish, interwoven, aseptate; conidiophores 
erect, often sub-fasciculate, usually not branched; terminal ves- 
icles spherical, not more than 100 in diameter; lateral branches 
if present similar to those of C. africana; lateral vesicles similar 
to terminal, but slightly smaller; terminal conidia 7-10 in di- 
ameter ; lateral conidia slightly smaller. 


3. CUNNINGHAMELLA ELEGANS Lendner. 


Turf white to ashy, filaments firm and interwoven; conidio- 
phores erect, dichotomous, aseptate; terminal vesicles inflated, 
regular, round to oval, 40-60, in diameter; lateral branches 
whorled, variable in number, lateral vesicles 18-20 » in diameter, 
round; terminal conidia ovoid to pyriform, 16-22 » long by 12- 
14 wide, short-echinulate; lateral conidia spherical, 8-10 in 
diameter. 


Our description is as follows: Turf white to silver, spreading ; 
filaments firm and interwoven, 7-13» wide, with abundance of 
oil; circinate portions typical ; conidiophores erect, multi-branched ; 
terminal vesicles 27-35 » in: diameter, spherical, smooth; lateral 
branches lacking or up to 3 whorled, place of attachment to 
conidiophore swollen; sub-terminal whorl 38, long, vesicles 
spherical, 16-28 » in diameter; smooth; intermediate whorl 24 » 
long, vesicles spherical 14-16 » in diameter, smooth; basal whorl 
of pyriform branches, 14 » wide by 26 » in length, smooth; super- 
branches, arising from terminal head, of varying lengths; vesicles 
spherical ; terminal conidia lemon shaped, bearing sterigmata after 
separation from vesicle, 12 long by 9,» in width, very finely 
echinulate ; lateral conidia ovate in varying degrees; 6» wide by 
10 » in length; asterigmatate, very finely echinulate. Isolated as 
soil form in Moscow, Idaho, 1937. 


4. CUNNINGHAMELLA VERTICILLATA Paine. 


Turf white to silvery, loose, erect, 2-4 cm. in height; conidio- 
phores long, 2 cm. or more, aseptate; terminal vesicles globose to 
oval, about 50 » in diameter; lateral branches numerous, not ex- 
ceeding 30 u long, subterminal, whorled, the conidiophores swollen 
at point of attachment of lateral branches; lateral vesicles pyri- 
form to oval, not over 16 w in diameter ; terminal conidia ellipsoid, 
pointed at the attached end, 10 » by 13-15 y, very finely echinulate ; 
lateral conidia oval, bluntly pointed at the attached end, 8-12 » in 
diameter, very finely echinulate. 
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5. CUNNINGHAMELLA MICROSPORA (Rivolta) Matruchot. 


Turf white, small, interwoven ; conidiophores erect, unbranched ; 
terminal vesicles rounded, minutely papillate, about 20 » in diame- 
ter ; conidia obovate, basally subapiculate, finely papillate, colorless, 
less than 7 » wide. 


6. CUNNINGHAMELLA BERTHOLLETIAE Stadel. 


Turf white to light-olive, filaments firm and interwoven ; conidi- 
ophores erect, branched, aseptate, abundantly supplied with oil; 
terminal vesicles rounded, 30-40» in diameter; lateral branches 
irregularly arranged; lateral vesicles similar to terminal; terminal 
conidia ovoid, 8-12, in diameter; lateral conidia similar but 
smaller. 

Our description is as follows: Turf gray, filaments firm and 
interwoven; conidiophores erect, irregularly-cymosely branched, 
aseptate; terminal vesicles ovate, about 25 » wide by 33 » long; 
lateral branches variable, alternately arranged in groups, numer- 
ous, 22-55 » long; lateral vesicles round, about 23 » in diameter ; 
terminal conidia ovate, smooth, 5 by 9; lateral conidia similar 
to terminal but slightly smaller. Isolated as soil form in Moscow, 


Idaho, 1937. 


7. CUNNINGHAMELLA ECHINULATA Thaxter. 

Turf white becoming yellowish with age; filaments interwoven ; 
conidiophores erect, more or less irregularly and _ indefinitely 
branched ; terminal vesicles very variable in size, areolate, nearly 
spherical to obovoid, maximum 45 p by 65 p, average 28 p by 35 p; 
lateral branches similar to terminal but smaller; all conidia oval 
to elliptical; finely echinulate; average 10» by 12», maximum 
18» by 25 p. 


8. CUNNINGHAMELLA BLAKESLEANA Lendner. 

Turf white to ashy, filaments densely interwoven ; conidiophores 
erect, branched; terminal vesicles rounded, slightly truncate, mi- 
nutely verrucose, 30 » by 28»; lateral branches alternate, variable 
in number ; lateral vesicles somewhat smaller than terminal, round; 
terminal conidia ellipsoid, 13-15, by 9-12, finely echinulate ; 
lateral conidia spherical, colorless, 10 » in diameter. Isolated as 
an Agar contaminant in Moscow, Idaho, 1937. 
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PHOTOGRAPHS AND DESCRIPTIONS OF 
CUP-FUNGI—XXxX. ARACHNOPEZIZA ’ 


FreD J. SEAVER 


(WITH 1 FIGURE) 


The above named genus was established by Fuckel with Pezisa 
aurelia Pers. as the type. While this fungus is one of the more 
minute forms it never fails to excite the interest of the collector 
because of the beautiful golden or pale-orange apothecia seated 
on the spiderweb-like subiculum, which has suggested the name 
Arachnopesiza, the specific name referring to the color. 

This species has been rather frequently encountered by the 
writer although it can scarcely be said to be common. It has 
also occasionally been sent in for determination. It occurs on 
decaying leaves and twigs, and very often on old acorn cups. Just 
why it should show a preference for the latter is difficult to say. 
The outside of the minute apothecia is clothed with long slender 
hairs which often stand up in agglutinated tufts resembling minute 
teeth about the margin. These become strongly incurved in dried 
specimens, concealing the hymenium. The species is characterized 
by its fusoid spores which become 3-septate at maturity and often 
with a bristle-like apiculus at either end. 

The photograph accompanying this article was made from mate- 
rial collected by Dr. J. F. Adams at Pennsylvania State College in 
1917. The author was having some difficulty in getting mature 
spores for these illustrations. During the process the work was 
left long enough to go to the mail box when to his surprise a 
specimen of the same species was sent in for determination by 
Maurice B. Walters from Cleveland, Ohio. This fresh material 
supplied just the characters which were needed to complete the 
drawing. It is an interesting coincidence that this species, which 
is rarely sent in, should have come just at this critical moment. 

1 This paper is preliminary to a monograph of North American Cup-fungi 
(inoperculates), a companion volume to North American Cup-fungi (opercu- 
lates), which was published by the author and issued in December, 1928. 
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SEAVER: Cup-FUNGI—XXX. ARACHNOPEZIZA 661 

We have in the collection in The New York Botanical Garden 
another species which is usually placed in this genus, Arachno- 
peziza aurata Fuckel. This material was collected by A. P. Mor- 
gan at Preston, Ohio, and determined by George Massee of Eng- 
land. This species is characterized by the long filiform spores. 
Also a third species sent by Dr. Bisby from Canada seems to con- 
form to the description of Arachnopesiza delicatula Fuckel. All 
of these species have at one time or another been placed in the 
genus 7 apesia, although the two genera were separated by Fuckel. 
For the time being at least the genus Arachnopesiza will be kept 
distinct. Additional material is solicited. Following is the diag- 


nosis of the genus and species: 


ARACHNOPEZIZA Fuckel, Symb. Myc. 303. 1849. 

Apothecia gregarious, seated on a thin spiderweb-like white or 
yellowish mycelial subiculum, at first closed and rounded, opening 
and becoming patellate or scutellate, externally clothed with fine 
bristly hairs; asci clavate, 8-spored; spores ellipsoid to fusoid 
clavate or filiform, becoming several-septate and often with an 
apiculus at each end, hyaline; paraphyses filiform, usually enlarged 
above. 


Type species, Peziza aurelia Pers. 


Spores, fusoid, apiculate 4-5 X 15-20 m........ cee eee eee ee 1. A. auretia. 
Spores clavate or filiform. 
NT eS re oF 
Spares GUrerm, 25-3 -X GO-TSHM... «..0.0ccvcevcvss svceetnsen 3. A. aurata. 


1. ARACHNOPEZIZA AURELIA (Pers.) Fuckel, Symb. Myc. 303. 

1849. 

Peziza aurelia Pers. Myc. Eur. 1: 270. 1822. 

Peziza Wauchti Grev. Scot. Crypt. Fl. pl. 139. 1825. 

Peziza candidofulva Schw. Trans. Am. Phil. Soc. II. 4: 174. 
1832. 

Belonidium aurelia DeNot. Comm. Soc. Critt. Ital. 1: 381. 
1863. 

Patellaria bicolor Curr. Trans. Linn. Soc. 24: 491. 1864. 

Polynema aurelium Fuckel, Symb. Myc. Nachtr. 1: 49. 1871. 

Lachnella aurelia Quél. Enchir. Fung. 315. 1886. 

Tapesia fulgens Hazsl. Zool.-Bot. Verh. 163. 1887. 
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Tapesia candidofulva Sacc. Syll. Fung. 8: 385. 1889.° 

Belonidium fulgens Sacc. Syll. Fung. 8: 500. 1889. 

Apothecia gregarious, seated on spreading white or yellowish 
mycelial web, sessile, at first rounded then becoming scutellate ex- 
ternally golden-yellow to pale-orange, clothed with fine hairs, 
reaching a diameter of 2-3 mm. ; hymenium yellowish, a little paler 
than the outside of the apothecium ; hairs slender, septate, reaching 
a length of 100, and a diameter of 2p, tapering to a slender 
point, collected into conical tufts which stand up about the margin 
like teeth; asci clavate, attenuated above, reaching a length of 
70-90 » and a diameter of 8-10; 8-spored; spores fusoid, hy- 
aline, becoming 3-septate, 4-5 & 15-20», often with an apiculus 
at either end; paraphyses filiform, slightly enlarged above. 

On leaves, soil, twigs and acorn cups. 

Type LocaALity: Europe. 

DISTRIBUTION: New York to Pennsylvania, Iowa and Mani- 
toba ; also in Europe. 

ILLUSTRATIONS: Fuckel, Symb. Myc. Nachtr. 1: f. 35; Scot. 
Crypt.-Fl. pl. 139; Trans. Linn. Soc. 24: pl. 51, f. 15-16; Boud. 
Ic. Myc. pl. 520. 


2. ARACHNOPEZIZA DELICATULA Fuckel, Symb. Myc. 304. 1869. 
Belonidium delicatulum Sacc. Syll. Fung. 8: 499. 1889. 
Apothecia gregarious or scattered, seated on a delicate, white 

arachnoid subiculum, at first globose and closed finally expanding, 

reaching a diameter of 1-2 mm.; hymenium concave, reddish- 
brown; asci clavate-cylindric, reaching a length of 80-100» and 

a diameter of 8-10 y; 8-spored; spores elongated, clavate, slightly 

curved, simple or becoming sparingly septate, reaching a length of 

40 » and a diameter of 3.5-4,1; paraphyses filiform slightly en- 

larged above, reaching a diameter of 3 yp. 
On wood and bark. 

Type LocaLity: Europe. 


DistRiBUTION : Quebec; also in Europe. 


3. ARACHNOPEZIZA AURATA Fuckel, Symb. Myc. 304. 1870. 
3elonidium auratum Sacc. Michelia 1: 66. 1879. 
Tapesia aurata Massee, Brit. Fungus-Fl. 4: 299, 1895. 


Apothecia gregarious, sessile, at first closed, then expanding, 
externally yellowish clothed with hairs, reaching a diameter of 
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5 mm. on a thin subiculum; hymenium a little darker than the 
outside of the apothecium; hairs long, cylindric or tapering grad- 
ually toward the ends, septate, reaching a length of 60-85 » and 
a diameter of 4+; asci clavate, the apex somewhat pointed, reach- 
ing a length of 96 and a diameter of 7», 8-spored; spores fili- 
form or slightly clavate, becoming multiseptate, slightly bent, 
2.5-3 65-75 w; paraphyses very slender, hyaline, occasionally 
branched. 

On wood or the inside of bark. 

TYPE LOCALITY: Europe. 

DisTRIBUTION : Ohio; also in Europe. 


THE New York BotanicaL GARDEN 


EXPLANATION OF FIGURES 


Fic. 1. Photograph of two acorn cups and a twig with drawing in the 
center of three apothecia of Arachnopesisa aurelia much enlarged. Upper 
right, an ascus with spores and paraphyses and an empty ascus showing rup- 
ture. Upper left, clump of hairs. Below, three spores. 











NEW CALIFORNIA FUNGI’ 


Davin H. LINDER 


(witH 10 FIGURES) 


While studying a collection of miscellaneous fungi collected by 
Mr. L. C. Wheeler, for the most part from the Point Lobos 
Reservation in California, the writer encountered a number of 
interesting forms, among which were five new species, including 
one Pyrenomycete, one of the Fungi Imperfecti, two members of 
the Uredinales, and one of the Ustilaginales. 

Among those species of interest because rarely collected or else 
because they represent extensions of either host or geographic 
range, is Ophiocarpella tarda (Hark.) Theiss. & Syd. [syn.: 
Ophiodothis tarda Harkness], which is known only from Cali- 
fornia and as a parasite on Rhus diversiloba Torr. & Gray, in the 
leaves of which the fungus produces characteristic large, black, 
angular spots which give a mottled or mosaic appearance to the 
leaf. Frequently a large part of the leaf becomes involved and 
thus the fungus under proper environmental conditions appears 
able to cause severe damage to the host. Another species of in- 
terest, originally described as occurring on Juniperus virginiana L. 
in South Carolina, is Coccodothis sphaeroidea (Cooke) Theiss. & 
Syd. [syn.: Dothidea sphaeroidea Cooke; Dothidella sphaeroidea 
(Cooke) Ellis & Ev.] which for the first time is reported from the 
Pacific Coast and on Cupressus Goveniana Gord. Finally there 
are two species of the Hypodermataceae which were kindly deter- 
mined for the writer by Dr. Grant D. Darker: Hypoderma peda- 
tum Darker and Hypodermella limitata Darker both of which oc- 
curred in the leaves of Pinus radiata Don. 

The descriptions of the species that are considered to be new to 
science follow: 

1 Contribution from the Laboratories of Crypiogamic Botany and the 
Farlow Herbarium, Harvard University, No. 161. 
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Metasphaeria Wheeleri Linder, sp. nov. (Fic. 1 a—-d) 


Peritheciis solitariis, subcuticularis, ostiolatis, ostiolis papillatis et inter- 
dum hyphis in cuticulam hospitis crebrescentibus cinciis, 135-150  altitudine, 
135-190 u latitudine, subsphaericis vel nonnumquam pyriformibus; ascis pari- 
etibus incrassatis, circa 90 X 22m; ascosporis elongato-ellipsoideis, hyalinis, 
4-septatis, ad septum medium constrictis, parietibus crassis, 18-19.5 X 5-64; 
paraphysibus hyalinis, septatis, ascis nonnumquam superantibus. 


Perithecia solitary, subcuticular, ostiolate, the ostiole papillate 
and occasionally fringed with mycelial outgrowths which penetrate 
into the cuticle of the host, 135-150 » high, 135-190 » broad, sub- 
sphaerical to broadly pyriform; asci thick-walled, approximately 
90 * 22; the ascospores elongate-ellipsoid, hyaline, 4-septate, 
deeply constricted at one of the median septa, 18-19.5 & 5-6 yn, 
thick-walled ; paraphyses hyaline, septate, of irregular length, the 
longer ones exceeding the length of the asci. 

On scales and stems of Arceuthobium campylopodium A, Gray, 
Point Lobos Reserve, California, L. C. Wheeler, No. 4453. 
TYPE. 

So far as can be determined from the literature, no species of 
Metasphaeria has been reported as occurring on Arceuthobium or 
related host genera. This species of fungus is therefore of in- 
terest in that it is a natural parasite of a parasitic host, attacking as 
it does the stems which it girdles, thus killing that portion of the 
plant which is beyond the infected area. The stems of the host 
become yellowish and stand out in marked contrast to the brown- 


ish-green stems of the healthy plants. 


Septoria crassospora Linder, sp. nov. (F1G. 2 a-c) 

Pycnidiis amphigenis, in macu‘is luteo-viridibus vel laete coloratis, sub- 
globosis, mamillate ostiolatis, (135)-165-180 4 latitudine, (120)-135-100 # 
altitudine; conidiophoris hyalinis, simplicibus, fastigatis; conidiis hyalinis 
vel dilute roseis, cylindricis, ad apicem rotundatis, basem fastigatis truncatis- 
que, 24.5-37 & 3.5-5.5 4, 3-septatis, non ad septis constrictis, parietibus et 


septis proportionate crassis. 


Pyenidia amphigenous, in light-colored or yellowish-green areas 
which are of irregular size, often coalescing to occupy nearly the 
entire surface of the leaf, sub-globose to depressed-globose, 
(135)—165-180 » in width, (120)—135-160 » in height, ostiolate 
the ostiole somewhat mamillate; conidiophores simple, hyaline, 
tapering, one-half to one-quarter the length of the mature spores ; 
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lic. 1, Metasphaeria Wheeleri; 2, Septoria crassospora; 3, Septoria 
Negundinis; 4, Septoria incondita; 5, Puccinia Sedi; 6, Puccinia Echeveriae ; 
7, Uromyces Galti; 8, Uromyces Galii-californici; 9, Uromyces Spermacoces. 


the conidia acrogenous, hyaline or dilutely rose-colored in mass, 
24.5-37 & 3.5-5.5 , rounded at the apical end and tapering to 
the truncate basal end, cylindrical, straight or slightly curved, 
3-septate, the walls and septa relatively thick. 
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In leaves of Acer Negundo L. var. californicum Sargent, Car- 
mel River, Monterey Co., California, July 13, 1936, L. C. Wheeler, 
No. 4232. Type. 


Judging by the material available, this species of Septoria does 


considerable damage to the host and it would seem that under 
suitable environmental conditions it might well cause severe 
defoliation. 

Among the sixteen species of Septoria that have been described 
as occurring on Acer spp., this one is clearly differentiated by its 
relatively short but stout spores as well as by the short, stout, 
phialide type of conidiophores. That this species may be com- 
pared with the others that have been described as occurring on 
maple, the following table of spore sizes, compiled from the litera- 
ture, is presented : 


On leaves: 
Spores up to 24u long : 


ORS 8 2 re rece errr ere: S. flavescens 
SAREE Oe PO ook neni wed ecesewseeean ..S. Schirjewskii 
EN CD. 6 Sine re a Sei oa ae S. Salliae 
ET ERIE BEC e pe aren. S. acerella 


« 


Speres more than 24 4 long: 


20-40 X 1.5-2m@ ..pycnidia amphigenous ..S. Aceris-macrophylli 
Zo-G0 K Ze i.e pycnidia hypogenous ...S. Negundinis 
30-40 X 3u ..... pycnidia hypogenous ...S. incondita 
30-00 X 1-1.2" ..pycnidia amphigenous ..S. circinata 
52-40 6 lone... -BYCRIIR Fo. ccc ccc cccecs S. acerina 
40-SD X L5-2m ..myeniin ? ....cccscccccd S. saccharina 
40-50 X 2-2.5m ..pycnidia amphigenous ..S. apatella 
40-60 X 2-3 ...pyenidia amphigenous ..S. marginata 
44-55 X 3m ..... pycnidia hypegenous .S. Pseudoplatani 
On fruit: 
Se Be Fe ee eee eae nee S. seminalis 
rs SRS OO SS Er an ee eee S. samarae 
Le bY eee eee ce pie meee S. samarae-macrophylli 


In view of the fact that the spores of S. crassospora measure 
24.5-37  3.3-5.5 p, it is clear that it cannot be confused with any 
of the species listed above, but to illustrate this point more clearly, 
the spores from the type specimen of S. Negundinis (ric. 3) and 
of S. incondita (FIG. +) have for comparison been drawn at the 


same magnification. 


Puccinia Echeveriae Linder, sp. nov. (Fic. 6) 


Teleutosoris atro-brunneis, pulvinatis, plus minusve concentrice dispositis 
in maculis ovalis, roseo-purpureis, 3 X 2 cm. diametro; teleutosporis (34.5) 


37.5-50 * 22-30.5 u, parietibus lateralibus 2-3 4 crassis, parietibus apicalibus 
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(2.5)-4-7.5 « crassis, atro-castaneis, cellulis terminalibus nonnumquam apicu- 
latis, saepissime rotundatis; foramine cellularum basilarum prope septum; 
stipitibus hyalinis, persistentibus, usque 120 longitudine. Mesosporis sub- 
sphaericis 22-27 u diametro. 

The teleutosori amphigenous, dark-brown, pulvinatem arranged 
more or less concentrically on the reddish-pink colored area; the 
teleutospores dark chestnut-brown, (34.5)-37.5-50 « 22-30.5 p, 
the lateral walls 2-3 » thick, the apical wall (2.5)—-4~7.5 pu thick, oc- 
casionally apiculate but most often bluntly rounded, not or only 
slightly constricted at the septum; the pore of the terminal cell 
apical or oblique, that of the basal cell superior at or near the sep- 
tum; the stipe hyaline, persistent, up to 120» long. Mesospores 
are occasionally found and are concolorous with the teleutospores, 
globose to subglobose, 22-27 » in diameter. 

On Echeveria caespitosa (Haw.) DC., east side of Big Dome, 
Point Lobos Reserve, Monterey Co., California, July 23, 1936, 
L. C. Wheeler, No. 4270, Type; on Echeveria farinosa Lindl., east 
side of Big Dome, Point Lobos Reserve, Monterey Co., California, 
July 23, 1936, L. C. Wheeler, No. 4271. 

Puccinia Echeveriae is quite distinct from any described on the 
various genera of the Crassulaceae. Puccinia exanthematica Mac- 
Owen is described as producing spores which measure 24-32 < 
14-19 p, while P. Sedi Koern., of which the spores shown in fig- 
ure 5 are drawn at the same magnification as are those of P. 
Echeveriae, are lighter colored, more elongate and with a pro- 
nounced apical swelling. Also the pedicels are conspicuously 
shorter than the length of the spores. In contrast to the meso- 
spores of P. Echeveriae which are globose or subglobose, those 


of P. Sedi are elongate and relatively narrow. 


Uromyces Galii-californici Linder, sp. nov. (Fic. 8) 


Uredosoris hypophyllis, luteo-brunneis; uredosporis ellipsoideis vel nonni- 
hil angulate-ellipsoideis, 31-34 X 25-28.5 u, luteis, foraminis binis superiori- 
bus vel mediis, parietibus minute echinulatis, 2 crassis. Teleutosoris pulvi- 
natis, atro-brunneis, hypophyllis, usque 1.5 mm. diametro; teleutosporis sub- 
sphaericis vel ovoideis, (25.5)-27-30.5 & (20)-22-25.5-(27) uw, parietibus 
castaneis vel atro-castaneis, foramine apicale, parietibus apicalibus incras- 
satis, (3.5)-6-8.5 crassis, parietibus lateralibus 1.5-3 crassis; stipitibus 
hyalinis vel laete coloratis, 80-95-(110) » longitudine. 


Uredosori hypophyllous, brownish-yellow ; the uredospores el- 
lipsoid or somewhat angularly ellipsoid, 31-34  25-28.5 p, yel- 


low, with two equatorial or supraequatorial pores, the walls 
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1- minutely echinulate, 2 thick. The teleutosori scattered, hypo- 
i phyllous, pulvinate, up to 1.5 mm. in diameter, dark chestnut- 
)- brown, the teleutospores subsphaerical to ovoid, (25.5 )—27-30.5 

(20)-22-25.5-(27) » with chestnut or dark chestnut-brown col- 
d ored walls which are provided with an apical pore, the terminal 
e wall (3.5)-6-8.5 » thick, the lateral walls 1.5-3 » thick; the stipe 
i hyaline or light colored, (52.5)—80-95-(110) yw long. 


- On Galium californicum H. & A., northwest slope of Whaler’s 
Knoll, Point Lobos Reserve, Monterey Co., California, July 15, 
1936, L. C. Wheeler, No. 4260, Type. 

The writer has compared this species with Uromyces Galii 
Dietel (Fic. 7) and with U. Spermacoces (Schw.) Curtis (Fic. 9) 
and from both these species the present one may be distinguished 
by the considerably longer pedicels. Also the spores of U. Galii, 
originally described from Japan, are smaller, proportionately more 
elongate, lighter colored and borne on colored pedicels; those of 
U. Spermacoces are larger, darker colored, and borne on hyaline 
pedicels. The characters of the three species are sufficiently dis- 
tinct that it is unlikely that there will be any doubt as to their 
identity. 


Doassansia Callitriches Jackson & Linder, sp. nov. (Fic. 10 

a-—c ) 

Maculis ambiguis, glomerulis sporarum in foliis immersis vel in cortice 
stipitis, diffundis, prominentibus, atro-brunneis, globosis vel depressis ellip- 
soideisque, 140-170-(240) » diametro; sporis angulate subglobosis, 11-144 
vel ellipsoideis 9.5-13 X 12.5-16 4, parietibus 1 crassis vel minoribus, hya- 
linis vel leniter luteis; cellulis corticis sporis aequantibus vel leviter majori- 
bus, usque 19.5-24 X 16.54, parietibus castaneo-brunneis, 1.5 crassis, tenu- 
iter interne verrucosis. 

Spots not clearly defined; spore-balls in the mesophyll of the 
leaves or the cortex of the stems, scattered, prominent, dark- 
brown, globose or depressed ellipsoid, 140-170—(240) » in diame- 
ter; spores angularly subglobose, 11-14 y or ellipsoid and 9.5-13 
12.5-16 », walls thin, 1 » or less, colorless or slightly yellowish ; 
the cortical cells slightly larger than the spores, up to 19.5-24 x 
16.5 » but more irregular, wall chestnut-brown, 1.5 » thick, finely 
and closely internally verrucose. 


On Callitriche marginata Torr. var. longipedunculata ( Mor.) 





Jepson, Puddingstone Dam, San Jose Hills, Los Angeles, Cali- 
fornia, March 17, 1934, L. C. Wheeler, No. 2448, Type (in Uni- 


versity of Toronto Herb. and in Farlow Herb.). 
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BML 


Fic. 10 a-c. a. A portion of the leaf of Callitriche marginata var 
longipedunculata (Mor.) Jepson with the scattered sori of Doassansia 
Callitriches to show the distribution and the variation in size of the fruiting 
bodies in the host. Approx. 33 X. b. A greatly enlarged portion of the 
margin of the sorus to show the relatively thin-walled, smooth fertile cells 
and the thicker walled colored sterile cortical cells which are warted 
internally. 1050 X. c. <A section through the sorus to show the relation 
of parasite to host. It will be noted that the sorus or spore-ball is formed 
in the mesophyll layer, but during the process of formation of the spore- 
ball the palisade layer has been crumpled and the epidermal cells have been 
consideraly stretched. 500 X. 

















LINDER: NEW CALIFORNIA FUNGI 671 


The spore-balls are larger in diameter than the normal thickness 


of the leaves and hence appear as prominent gall-like structures 
distending the tissues and covered by the epidermis. The cortical 
layer is differentiated by the deeper color and the thicker walls, 
but especially by the fact that the outer and side walls of the corti- 
cal cells are very finely verrucose on their inner surfaces, a char- 
acter, easily overlooked, which has not been noted for other Ameri- 
can species. The cortical layer, also, is not entirely made up of 
uniform cells since some of the outer cells are flattened and in 
spots appear to be formed from hyphae that are only slightly dif- 
ferentiated. The species is clearly differentiated from Doassansia 


Ulei Schroeter both in size of spore-balls and of spores. 


EXPLANATION OF FIGURES 


Fic. 1 a-d. Metasphaeria Wheeleri. a. Showing the subcuticular peri- 
thecium with its numerous paraphyses and two immature asci. 6b. Four 
ascospores which indicate the variation in size and shape, and also show 
the relatively thick walls and septa. c. A characteristic thick-walled and 
eight-spored ascus. d. Hyaline multiseptate paraphyses which are formed 
before ascus-formation. 

Fic. 2 a-c. Septoria crassospora. a. Pycnidium which is formed within 
the palisade layer of the host leaf. b. Shows the origin of the conidiophores 
from the short-celled hyphae which make up the pseudoparenchymatous tis- 
sue of the pycnidium. Note the characteristic phialide shape of the conidio- 
phore. c. Six conidia to show variation in size and shape, and one of which, 
drawn in optical section, shows the relatively thick walls and septa. 

Fic. 3. Septoria Negundinis Ellis & Ev. shown here for comparison 
with S. crassospora. 

Fic. 4. Septoria incondita Desm. of which the spores are illustrated for 
comparison with S. crassospora. 

Fic. 5. Puccinia Sedi Koern. from specimen in Saccardo, Mycotheca 
Italica No. 913, and drawn for comparison with P. Echeveriae. 

Fic. 6. Puccinia Echeveriae from type material on Echeveria caespitosa, 
showing variation in size and shape of spores, also showing one mesospore. 

Fic. 7. Uromyces Galii Dietel on Galium aparine from Japan drawn for 
comparison with Uromyces Galii-californici. Note the short colored pedi- 
cels, and the small angular to elongate teleutospores. 

Fic. 8. Uromyces Galii-californici from type material. The uredo- 
spores are echinulate and possess two equatorial or superequatorial pores, 
and the teleutospores are long pedicellate, somewhat darker colored than are 
those of U. Galii and slightly lighter colored than are those of U. Sperma- 
coces. 

Fic. 9. Uromyces Spermacoces (Schw.) Curtis from Ray. Fungi Car. 
91, on Diodea sp. 











THE STATUS OF SEPTORIA GRAMINUM ' 


RopeRICK SPRAGUE ? 
(WITH 5 FIGURES) 

Septoria graminum Desm. has been recognized as a cosmopolitan 
and plurivorous species with slender pycnospores averaging 50— 
75 < 1-1.5y. It is reported on a wide range of hosts including 
wheat, oats, and a large number of field grasses (3, 7,11). Stud- 
ies by Weber on wheat (14, 15) and by Sprague on oats (13) 
have shown that S. graminum does not occur on these cereals. 
Current investigations further indicate that the species is narrowly 
specialized and apparently distinctly limited in geographic distri- 
bution. 

Much of the confusion about S. graminum is traceable to early 
studies. SS. Tritici Rob. was ‘described in 1842 (4) and issued by 
Desmazieres as Plantes Cryptogames de France No. 1169 (1842). 
The next year Desmazieres described S. graminum (5) and issued 
it as No. 1328 of the same series. Finally in 1848 (6), he placed 
S. Tritici as a variety under the later described S. graminum. 
Since the type of S. graminum was a meagerly described species 
on an unidentified grass, the status of these key species has re- 
mained unsettled since Desmazieres’ paper in 1847. That the 
description of S. graminum given in Saccardo (11) is not based 
on the type but apparently on fungi studied by Berkeley, v. Thu- 
men, Passerini, and Cooke will be pointed out in this note. 

The type of S. graminum Desm. (FI. Crypt. d’Fr. 1328) appears 
to be somewhat stunted material. The pycnidia are relatively 
small, dark and obscure in delimited lesions on the leaves. The 

1 Codperative investigations by the Division of Cereal Crops and Diseases 
Bureau of Plant Industry, U. S. Department of Agriculture, and the Oregon 
and Washington Agricultural Experiment Stations. Published as Technical 
Paper No. 279 of the Oregon Agricultural Experiment Station. Contribu- 
tion from the Department of Botany. 

2 Associate Pathologist, Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, U. S. Department of Agriculture. The writer gratefully 
acknowledges the aid of Dr. A. G. Johnson in arranging the manuscript. 
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spores are small, straight, or slightly curved, non-septate or pos- 


sibly up to faintly two septate. Weber (15) examined this type 
and found spores measuring 22-38 « 1», and the writer, 15- 
42  0.8-1.2 », with a mean spore size of 25.3 * 0.9». The host, 
which was listed as “ languishing leaves of a grass,” now appears 
to be Brachypodium sylvaticum (Huds.) Beauv. Most of the 
leaves were clipped off above their ligules, but one leaf with a 
ligule in the collection at Kew Herbarium, England, was deter- 
mined by Mr. C. E. Hubbard, Botanist, Kew Herbarium, as 
typical of B. sylvaticum. 

Much of the material assigned to S. graminum in herbaria, as 
mentioned, has much longer spores than the type. The measure- 
ments given by Saccardo (11), 55-75  1-1.3 w, have been fol- 
lowed by most workers in assigning species of Septoria to S. 
graminum. Where Saccardo obtained these measurements is 
open to conjecture. Because he lists as synonyms S. Tritici 
Thum., S. cerealis Pass., and Depasea graminicola Berk. (Ann. 
N. H. 103), it is believed that he assembled the species from 
various sources. Cooke, in early work (2), assigned Sphaeria 
(Depazea) graminicola Berk. to S. graminum Desm. without spore 
measurements but in later work (3) he used the Saccardo measure- 
ments. Berkeley assigned his Depasea graminicola to S. grami- 
num as early as 1860 (1). 

Since Berkeley’s Depasea graminicola possibly represented an 
early collection of the long, filiform-spored species of Septoria on 
grasses an unsuccessful effort was made to locate authentic mate- 
rial of it. Material of his British Fungi No. 186 deposited in the 
Farlow Herbarium, Harvard University, proved to be a species 
of Stagonospora entirely different from a filiform Septoria. At 
the request of the writer, Miss E. M. Wakefield very kindly ex- 
amined material at the Kew Herbarium of Berkeley’s British 
Fungi No. 186 and another specimen labeled Sphacria graminicola 
both of which occur on Calamagrostis epigeios (L.) Roth. She 
found hyaline, fusiform, 1-septate pycnospores measuring 18- 
20 & 2.5-3 p, which might be Ascochyta graminicola Sace. She 
also examined Cook’s Fungi Britannica Ex. 208 on another soft 
leaved grass and this fungus was possibly Scolecotrichum graminis 


Fuckel. The writer is well aware of the difficulty of assembling 
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a collection of grass that contains only one species of fungus, 
and no doubt Berkeley had a filiform-spored Septoria in part of 
his collections, but it might have been destroyed in the original 
examinations. 

Because the above listed collections of Berkeley appear to have 
been on Calamagrostis epigeios, and because the description of 
Septoria Calamagrostidis (Lib.) Sace. (Ascochyta Calamagrosti- 
dis Lib.) (12) approaches that of S. graminum as listed by Sac- 
cardo (11) and Cooke (2), the writer again wrote to Miss Wake- 
field for type material of Ascochyta Calamagrostidis Lib. (8). 
Through the courtesy of Miss Wakefield and Sir Arthur Hill, 
Director, Royal Botanic Gardens, Kew, two slides of the type 
were made available for study. It was found that the fungus 
had very slender, curved, hyaline pycnospores borne in flattened, 
dark, sunken pycnidia. The spores averaged 40-55 < 0.8-1.1 » 
(FIG. 1). It is clear, therefore, that Saccardo was correct in trans- 
ferring the species to the genus Septoria. If Berkeley and Cooke 
saw a species of Septoria on Calamagrostic, with very slender 
spores, it was probably S. Calamagrostidis and not S. graminum. 

There are a number of species of Septoria described on Brachy- 
podium but some of these need not be considered as they have 
relatively broad spores, measuring 3-4 wide. S. Bromi Sacc. 
forma Brachypodii Sacc., however, has spores 30-40  1-1.2 
and appears to be the same as S. graminum. S. Bromi Sacc. (FIG. 
2) has filiform to narrowly obclavate, straight to somewhat curved 
spores measuring 45-60 < 1.2-2 » or larger. It is evident, there- 
fore, that S. Bromi forma Brachypodii Sacc. is distinctly different 
from S. Bromi. Vestergren made the new combination S. Bra- 
chypodii (Sacc.) Vestr.* in Sweden in 1897 (Fic. 3). S. Brachy- 
podii Pass., an earlier name, has spores measuring 45-55 X 3.5 yp. 


Fic. 1-5. Pycnospores of species of Septoria: 1, S. Calamagrostidis 
(Lib.) Sace. from type of Ascochyta Calamagrostidis Lib.; 2, S. Bromi 
Sacc. on Bromus racemosus L., North Fork of Santiam River, Linn Co., 
Oregon. Ore. Herb. 10,982; 3, S. graminum Desm. on Brachypodium syl- 
vaticum (S. Brachypodii (Sacc.) Vesterg.) Vesterg. Micr. Rar. Sel 541; 
4, S. Calamagrostidis on Agrostis palustris Huds., Corvallis, Oregon. Ore. 
Herb. 8490; 5, pycnospores of S. Tritici Rob. on Triticum aestivum L., 
Pendleton, Oregon. Ore. Herb. 10,362. Magn. X 1,000. 


8 Vestergren. Micromycetes rariores selecti 541. 
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Petrak (9) apparently had not seen Vestergren’s specimen, nor 
had he noted S. Brachypodii Pass. because he made the combina- 
tion S. Brachypodii (Sacc. )Petrak from S. Bromi f. Brachypodii. 
He listed the spores as 24-42 & 1-1.5y. Picbauer (10) proposed 
S. Vestergrenii Picbauer nom. nov. after seeing Vestergren’s speci- 
men* and comparing it with material on B. pinnatum from 
Bulgaria. 

S. graminum Desm. is believed to have medium size spores 
mostly 15-55  1-1.5 » as indicated by the type and the apparently 
similar and more mature material collected by Saccardo (11) and 
Vestergren.* Vestergren’s collection shows delimited lesions, as 
in the type of S. graminum, with small, flattened but not elongated 
pycnidia. S. graminum is close to S. Calamagrostidis. While it 
is possible that further study will indicate that it is only a variety, 
it appears to have distinctly shorter spores than S. Calamagrostidis 
and therefore is worthy of specific rank. The synonymy for and 
emended description of S. graminum are as follows: 


S. GRAMINUM Desm. (emended ) 
syn. S. Bromi Sacc. forma Brachypodii Sacc. 
S. Brachypodii (Sacc.) Vestr. non Pass. 
S. Brachypodii (Sacc.) Petr. non Pass. 
S. Vestergrenu Picbauer 
Lesions on leaves linear, pale straw with narrow brown border 
and sometimes wider surrounding areas of pink. Pycnidia not 
abundant, not prominent, globose, flattened, erumpent, ostiolate, 
black, mostly 70-100 (40-120) » in diameter. Pycnospores hya- 
line, filiform, mostly 2445 (15-55) « 0.8-1.5y, aseptate to 
faintly one septate or sometimes two septate. The pycnospores 
are typically very uniformly narrow, somewhat curved and faintly 
septate. 
On Brachypodium spp. in Europe. 


Studies in progress in Oregon and Washington with a number 
of species of Septoria on twenty genera of Gramineae, involving 
58 species of naturally infected grasses and cereals, indicate that 
S. graminum is not a plurivorous species. A robust spored race 
of S. Calamagrostidis occurs on Agrostis palustris (Oregon race 
1) (FIG. 4) in Oregon while the filiform-spored species on wheat 
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is S. Tritici (Fic. 5), which is very distinct from S. graminum 
(Fic. 3). It is apparent that the widespread concept of S. grami- 
num, which is based on Saccardo’s description (11), is an unjusti- 
fiable grouping of at least three distinct species, namely, S. grami- 
num proper, S. Calamagrostidis, and S. Tritici. The indiscrim- 
inate assignment of all filiform-spored species of Septoria on 
Gramineae to S. graminum should be discontinued. The diag- 
nostic characters of this group of species are summarized in 
table 1. 


TABLE 1 


COMPARISON OF DIAGNOSTIC CHARACTERS OF CERTAIN SPECIES OF Sepforia 














Diam-| Average size Spore 
ae eter of of spores 
Species Host pye- : 
nidia | | 
Length | Width | Septation Form 
S. graminum Desm. Brachypodium sylvaticum |70-100 | 24-45 | 0.8-1.5 0-2 Filiform 
S. Calamagrostidis (Lib.) 
Be dcdis cent be uws Calamagrostis epigeios 84-180 | 40-55 | 0.8-1.1 1-5 Filiform 
8S. Calamagrostidis 
(Oregon race 1)..... Agrostis palustris 60-180 | 40-60 | 1.0-2.1 -§ Filiform 
S. Bromi Sacc.......... Bromus spp. 70-170 | 45-60 | 1.2-2 2(1-3) Scolecosporous 
to narrowly 
obclavate 
8S. Tritici Rob. (Oregon 
eS ee Triticum aestivum 80-150 | 40-75 | 1.8-3 3-7 Scolecosporous 
S. Brachypodii Pass... . .| Brachypodium sylvaticum — | 45-55 | 3.5 Multiseptate |Cylindric 























LITERATURE CITED 


1. Berkeley, M. J. Outlines of British fungology. 442 pp. illus. L. 
Reeve and Co., London. 1860. 


2. Cooke, M. C. Handbook of British fungi. Vol. I. 488 pp. illus. 
MacMillan and Co., London. 1871. 
bi Fungoid pests of cultivated plants. 278 pp. illus. Spottis- 





woode and Co. Ltd. London. 1906. 
4. Desmazieres, J. B. H. J. Neuvieme notice sur quelques plantes 
cryptogames. Ann. Sci. Nat. II. 17: 91-118. 1842. 


5. ——. Diexieme notice sur quelques plantes cryptogames. Ann. 
Sci. Nat. II. 19: 335-373. 1843. 
6. Quatorzieme notice sur les plantes cryptogames. Ann. Sci. 





Nat. III. 8: 9-37. 1847. 

7. Grove, W. B. British stem and leaf fungi (Coelomycetes). Vol. I. 
Sphaeropsidales. 488 pp. illus. Cambridge Univ. Press. Eng- 
land. 1935. 

8. Libert, Mme. PI. Crypt. Cent. 2: n. 181. 1932. 

9, Petrak, F. Beitriige sur Pilzflora von Albanien und Bosnien. Ann, 

Myc, 20: 24. 1922. 





678 Mycotocia, Vor. 30, 1938 


10. Picbauer, R. Fungi Bulgarici a Dre Fr. Bubak lecti. Ann. Myc. 
35: 138 (144). 1937). 

11. Saccardo, P. A. Sylloge fungorum 3: 562-565. 1884. 

2: . Sylloge fungorum 10: 385. 1892. 

13. Sprague, R. A physiologic form of Septoria Tritici on oats. Phyto- 
pathology 24: 133-143. 1934. 

14. Weber, George F. II. Septoria diseases of wheat. Phytopathol- 
ogy 12: 537-585. 1922. 

15. . III. Septoria diseases of rye, barley and certain grasses. 
Phytopathology 13: 1-23. 1923. 

















A NEW SMUT FROM SOUTHERN CHILE 
GeorceE L, ZUNDEL 


While going through the unfinished manuscripts on the Ustilagi- 
nales of the late Dr. G. P. Clinton, the description of a Ustilago 
on Gunnera magellanica, written in June 1932, was found. The 
Clinton specimens were lost and only an envelope with data was 
found, however, Dr. D. H. Linder has furnished more type mate- 
rial in order to check the Clinton description. Since this descrip- 
tion has not been published, it has been deemed best to publish 
it at this time. Dr. Clinton first worked with this species in 1908 
and a description was partly written which was modified in 1932 


in the form here presented. 


Ustilago Gunnerae G. P. Clinton, sp. nov. 

Sori forming conspicuous swellings encircling the petioles or 
even running into the veines at the base of the leaves; spores when 
young (and possibly when old) rather firmly agglutinated into 
indefinite balls or masses situated between the epidermis and a 
central mass of plant tissues but when wet rather easily separating 
into individual cells which are reddish-brown, smooth (but often 
showing evidence of enclosing hyphal threads as whitish attach- 
ments), subspherical to broadly elongated and irregular through 
pressure, 14-18» (rarely longer) in length. 

On Gunnera magellanica, Punta Arenas, Magallanes, Chile, 
March 2, 1906. R. Thaxter, Coll. 

One can not be sure of the genus of this smut since it might be 
placed by different authors under different genera; however, it 
does not seem to the writer (G. P. C.) to merit distinction as a 
new genus. As Thaxter’s specimens may be immature and as 
the germination of the spores are not known, it can be placed 
under Ustilago until more is known about it. There are no signs 
of sterile fungous cells and the spores are grouped in masses 
rather than as distinct spore balls. So far as the writer has been 
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able to learn, no smut has been described on this host or any of 
the genera of the family, Halorageae, to which it belongs. 
GS 2. C. 
June 1932. 
Type material is deposited in the Farlow Herbarium, Harvard 
University as Accession No. 7760 and also in the Zundel Herba- 


rium. 
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FASCIATION IN THE SPOROPHORES OF 
CLITOCYBE TABESCENS 


ArTHUR S. RHOADS 
(WITH 1 FIGURE) 
An interesting case of fasciation was observed in one of three 


well-developed clusters of the toadstools of Clitocybe tabescens 


(Scop.) Bres., on November 10, 1936, following heavy rainfall. 





Fic. 1. Fasciation of sporophores of Clitocybe tabescens, showing a normal 


one for comparison. 


These clusters occurred at the base of an old rotted oak (Quercus 
laurifolia Michx.) stub in a narrow fringe of hammock forest 
along the Indian River at Rockledge, Florida. In the abnormal 
cluster, which contained ten sporophores, three good-sized ones 
exhibited conspicuous fasciation. The remaining sporophores 
were normal, except that the stipes of three each showed a slight 
widening at the point of attachment to the decurrent gills. The 
fasciated sporophores comprised two exterior ones of the cluster 
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and one of interior origin, the stipe and pileus of which had grown 
outward. The stipes of these fasciated sporophores ranged from 
normal diameter at the base to a width of 4 cm. in two specimens 
and up to 5.5 cm. in the third (Fic. 1). In the latter case the stipe 
was bent sharply to one side near the upper limit. The extreme 
fasciation of the stipes of these three sporophores resulted in a 
narrow, elongated coxcomb type of pileus. Although the writer 
has observed this fungus fruiting over a period of several years, 
this is the first instance where fasciation of the sporophores has 
been noted. 


FLorIpA AGRICULTURAL EXPERIMENT STATION 














THE PRESENCE OF ENCRUSTED CYS- 
TIDIA IN THE HYMENIUM OF 
POLYPORUS ZONALIS 


S. R. Bose 
(witH 1 FIGUrE) 
Polyporus zonalis is a common saprophyte in the eastern tropics, 


growing on logs, prostrate trunks, stumps, wooden posts, etc.; 


once it was dug out about six feet below the ground growing on 











the buried leg of a wooden post. It has been reported also from 
the western tropics (Porto Rico) and from the temperate region of 
North America (Washington, Texas, Missouri) by Dr. Overholts. 
It is not found in Europe. Fomes lignosus and Polyporus micro- 
porus are now regarded as its synonyms. In the Trans. Brit. Myc. 
Soc. (1928) Mr. Petch has entered fully into the history and recon- 
sideration of the synonyms. According to him the so-called “ Fo- 
mes lignosus,” which is really an unnamed species, is a parasite 
and never grows on fallen branches, while Polyporus zonalis is a 
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ubiquitous saprophyte. I have dealt with this point fully in Ann. 
Myc. in 1937. 

Heavily encrusted cystidia (Fic. 1) are found distributed in the 
basidial layer within the pore tubes of Polyporus zonalis examined 
from various parts of Bengal, Bombay, Ceylon, South Burma 
(Tenassirim), Andaman Islands, Singapore, Philippine Islands 
and from the United States—Washington (Dr. J. R. Weir’s and 
Dr. C. J. Humphrey’s collections). They are more abundant to- 
wards the mouths (the outer margins) of the pore tubes. It has, 
thus, an important and reliable anatomical feature which has 
apparently not been noticed by previous workers. In artificial 
cultures from spores and tissues, these cystidia become very 
prominent on account of very heavy encrustation giving rise to a 
distinctly warty appearance all over. 

BotrANICAL LABORATORY, 


CARMICHAEL MEDICAL COLLEGE, 
CatcuTtA, INDIA 


LITERATURE CITED 


Bose, S. R. Polyporaceae from Lokra Hills (Assam). Ann. Myc. 35: 
119-137. 1937. 

Overholts, L. O. The Polyporaceae of Ohio. Ann. Missouri Bot. 
Garden 1: 81-155. 1914. 

Petch, T. Tropical root disease fungi. Trans. Brit. Myc. Soc. 13: 238- 

253. 1928. 














Dus 








ON A NEW RAVENELIA FROM INDIA 


B. B. MunpkKUtr AND N. Prasap 


(WITH 1 FIGURE) 


A rust which formed amphigenous and caulicolous sori on an 
Acacia, subsequently identified as Acacia modesta Wall., was col- 
lected on January 6, 1937, at Delhi. When the pinules were 
examined with a hand lens minute, nearly circular, deeply dark- 
brown structures which looked black in mass were distinguished 
on the ventral side. These were clusters of sori which were also 
found on the petioles and the branches. Well defined spots were 
not manifest but near the sori the leaf was pale-yellow with well 
defined necrotic areas reminiscent of similar zones produced by the 
stem-rust on certain varieties of wheat. The sori were 0.5 to 
1.00 mm. in size, slightly longish, becoming confluent on rupturing. 

Microscopic examination of the rust indicated that it belonged 
to the genus Ravenelia. Pycnia, aecia and uredia were not present 
in the collections made on two different occasions, only telia being 
found in many of the preparations. The teliospores were fasci- 
cled into compact heads which were convex, hemispherical to 
orbicular, rarely oval with an alantoid appearance in side view 
(ric. 1). They were chestnut-brown in color, smooth and sub- 
epidermal in origin. The telial heads measured (200 measure- 
ments) from 83 to 128 » (chiefly 105 »), in diameter. They were 
borne on short, deciduous, hyaline stalks which were composed 
of numerous hyphae. Paraphyses were present in the sori. 

In each telial head there were 10 to 12 cells across, on every 
diameter, all the cells being uni-cellular. The wall of the central 
cells was 5-7 » thick at the apex and it was noted that the color- 
ing matter was chiefly confined to this upper layer, the lower 
portion of the cells being yellowish to hyaline. Individual cells 
measured 18-22 < 8-11 up. 

The base of the heads was encircled by hyaline, oblong-ovate, 
pendent cysts which swelled and diffused in liquid media. Their 
number was equal to that of the number of teliospores in the head. 
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The genus Ravenelia has been studied in detail by Dietel (1894 
and 1906) and Long (1903). Long divided it into three separate 
genera on the basis of the number of cells in the teliospores and 


on the presence or absence of a pseudo-peridium in the aecium. 
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Sydow (1921) went a step further and segregated the genus into 
eight genera on the basis of the number of cells in the individual 
teliospores and on the presence or absence of the different fruiting- 
stages. Doidge (1926) and Arthur (1934) have adopted a more 
conservative view and the former subdivides the genus into two 
subsections : Haploravenelia in which teliospores have a single cell 
and Pleoravenelia in which they have two cells each. The speci- 
men under study falls into the subsection Haploravenelia. 
Twenty-six species of Ravenelia have been recorded on the 
genus Acacia though none have so far been reported to occur on 
Acacia modesta. Of these only six species belong to the sub- 
section Haploravenelia and have cysts equal in number to the 


number of teliospores in a head. A comparative statement of 
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the characteristics of these six species and the species under study 


is given in Table I. 
TABLE I 
CHARACTERISTICS OF SOME SPECIES OF RAVENELIA 








Cells 
an ahi Stages ina Size of Size of telio- 
Name } Habit present head, heads spores 
} across 











|Epiphyllous, I, 111 | 8-12 
|petiolicolous 
R. natalensis 
Syd. et Evans/Caulicolous I, II, III} 3-12 | 30- 50 yu | 20-27 X13-17 uw 
R. Peglerae 
Doidge...... Amphigenous,| III | 6-8 | 60-110, | 27-40X10-15 u 
caulicolous 


R. inornata Diet. 115-175 w | 31-60X12-18 uv 


R. australis 
Diet. et Neg. .|Epiphyllous II, WI | 9-10} 70-125 w | 25-40X12-15 wu 
R. Thornberiana 
eS SES Amphigenous, | II, III | 4-5 70- 90 4 --—- 
caulicolous, 
|fructicolous 








R. Stevensii | 
a ‘Hypophyllous | II, III | 3-6 | 40—- 634)! 6-19 long 
110— 





Ravenelia sp... .;: Amphigenous, Ill 10-12 | 83-128 w | 18-22 8-1lyu 
lcaulicolous 


| 











A critical examination of the species whose measurements are 
recorded in the table indicates that the Ravenelia sp., under study 
differs from the others in several respects. The species nearest to 
it is FR. australis but this is an epiphyllous rust. It has a uredial 
stage which the species under study does not presumably have and 
its teliospores are larger both in length and breadth, possessing a 
smaller number of cells across in the telial head. The species on 
Acacia modesta is therefore considered new and the name Kave- 


nelia Taslimii after the collector is proposed for it. 


Ravenelia Taslimii Mundkir, sp. nov. 

Pyenia, aecia and uredia wanting. Telia amphigenous, cauli- 
colous, dark, irregularly in clusters, confluent, 0.5-1.0 mm. in 
size, subepidermal. Paraphyses present. Pale-yellow necrotic 
areas on pinnules. Telial heads convex, hemispherical to orbicu- 
lar, rarely oval, alantoid in side-view, smooth, chestnut-brown, 
83-128 p, chiefly 105 », in diameter, on short, thick, hyaline, de- 
ciduous stalks. Spores 10-12 & 8-11 » with 5-7 » thick epispore 
at apex. Cysts as many as individual teliospores, hyaline, oblong- 
ovate, pendent, swelling and diffusing in water. 














688 Mycotocia, Vo. 30, 1938 


Pycnidiis, acidiis atque uredosporiis carens. Teleutosporis amphigenis, fus- 
cis irregulariter in turmas confluentibus, 0.5—-1.0 mm. extensas, sub. epidermi- 
cas. Paraphysibus praedita. Areis pallidis glaucis necroticis super pinnulas. 
Teleutocapitibus convexis, forma hemisphaerica ad orbicularem, raro ova- 
lem; alantoide obliquo, terso, brunneo, 83-128 », praecipue 105 », in diametro, 
super peducculos breves, crassos, hyalinos, deciduos; sporae 10-12 X 8-11 z. 
cum epispora 5-74 lata ad apicem. Cystibus pari numero atque individuis 
teleutosporis, hyalinis, oblongo-ovatis, pendulis, inflatis, et in aqua diffluenti- 
bus. 

Super Acaciam modestam Wall. In loco dicto Ridge, New Delhi. 6 Jan 
et 20 Febr. anno 1937. 


On Acacia modesta Wall. on Ridge, New Delhi, India. Jan. 6 
and Feb. 26, 1937. Collected by Mr. Mohammed Taslim and 
N. Prasad. 

Type specimens deposited in the herbarium of the Imperial 
Agricultural Research Institute, New Delhi, Imperial Mycological 
Institute, Kew, Kew Herbarium, Herbarium of the New York 


3otanical Garden and the Farlow Herbarium. 


SUMMARY 


A species of Ravenelia on Acacia modesta Wall., has been stud- 
ied in detail and compared with other species occurring on the 
genus Acacia. The species has been given the name Ravenelia 
Taslimii Mundkir. 


MyYcoLocIcAL SECTION, 
IMPERIAL AGRICULTURAL RESEARCH INSTITUTE, 
New Devut, Inpia 
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AN EARLY OCCURRENCE OF TAPHRINA 
SACCHARI IN WISCONSIN ' 


ANNA E. JENKINS 


(wiTtH 1 FIGURE) 


The existence of a specimen of TaShrina Sacchari Jenkins (8) 
on sugar maple (Acer Saccharum Marsh.) from Wisconsin, col- 
lected at Madison, has recently been discovered. The specimen 
bears the locality and date, ‘ Drive, June 1904,” and was labelled 
and filed in the Herbarium of the University of Wisconsin, as 
Gloeosporium saccharinum Ellis and Ev. The location of the 
drive referred to is on the south side of Lake Mendota, west of 
the campus. The specimen thus antedates the curatorship ot the 
Herbarium by Dr. J. J. Davis, which began in 1911 (1), and there 
is no evidence that the specimen ever came to the attention of this 
authority on the parasitic fungus flora of the state. 

The published enumerations of this flora as assembled by Davis, 
include an earlier list by Trelease (10), and thus embrace the 
period from 1884 until 1937 (4), when the last list was pub- 
lished. Comparatively few species (less than 10) are repre- 
sented on sugar maple and there is no mention of the specimen 
from Madison, or of a species of Taphrina on maple. His own 
collections of Gloeosporium saccharinum from Racine and Wau- 
kesha are referred to in his original list, published in 1893 (2). 
The type specimen of this species is, of course, his own collection 
from Racine, August 1890 (5), represented in Ellis and Ever- 
hart’s North American Flora 2668 (6). This specimen, as well 
as others of this species collected elsewhere in Wisconsin, by 
Davis, and filed in the Herbarium of the University, including his 
separate private collection, exhibit leaf necrosis distinct from that 


produced by T. Sacchari. 


1 The observations reported in this article were made during July and 
August, 1938, while the writer was completing certain taxonomic research 
on the North American species of Taphrina on maple (Acer), and through 
the courtesy of E. M. Gilbert, was working in the Botany Department of 
the University of Wisconsin. 
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On the other hand, the leaf spot or blister of the leaves from 
Madison (Fic. 1) is of identical appearance with the two speci- 
mens of Taphrina Sacchari in the Herbarium. These are labelled 
“ Taphrina sp.” as sent to Doctor Davis by the writer during her 
arly investigation of this species. Of these two, the one from 
Maine bears the same data as the type specimen of this species on 
sugar maple, except that it was collected later during June 1922; 


the other is from the locality in New York where the fungus is 

















Fic. 1. Taphrina Sacchari on lower leaf surface of sugar maple, Madison, 
Wis., June 1904. Photograph by Eugene Herrling. 


known to have been present since 1922 (8), and was collected by 
the writer in August 1938. The asci and ascospores on the June 
collected specimen from Madison are mature as illustrated else- 
where (9), and there seems to be no question of their correspond- 
ence with those of T. Sacchari as previously studied. On the 
basis of this identification the specimen from Madison was in- 
cluded among the specimens of Taphrina Sacchari examined as 


cited in connection with the original description (8). 
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The specimen is of special significance as the earliest myco- 
logical collection of this fungus yet known, and as the first and 
only record from Wisconsin. The Taphrina was, of course, dis- 
covered only in 1922, following the apparent epiphytotic outbreak 
of the disease it causes, and the first available record is July 7, 
1894, based on the presence of lesions on a phanerogamic specimen 
collected at Lansing, Mich. (7, 8). Part of the collection of the 
specimen from Madison will be filed in the Mycological Collec- 
tions of the Bureau of Plant Industry, under the accession num- 
ber 72882. 


Bureau OF PLANT INpUsTRY, 
WasuIncrTon, D. C. 
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NOTES AND BRIEF ARTICLES 
MycoLtoGy IN THE ENCYCLOPAEDIA BRITANNICA 


On page 114 of this volume of Mycologia I dwelt on the scanti- 
ness of the information on Mycology contained in the popular 
encyclopedias. The Britannica in each of its editions from the 
Sth to the 13th, the latest of which I had knowledge at the time, 
was one of the seven sets mentioned. I am indebted to Dr. D. B. 
Gilchrist, Librarian of the Rush Rhees Library, University of 
Rochester, for calling my attention to the mycological topics 
treated in the 14th edition. After examining this edition an ac- 
knowledgment of the facts seems warranted as well as a statement 
of the belief that mycologists who have not seen it should know 
the titles treated there in the encyclopedic manner by competent 
writers. 

In this, the 14th edition, “ Mycology ” is in alphabetic place and 
is defined in two lines as the science of Fungi. The reader is then 


’ 


referred to the article “ Fungi” written by Prof. R. J. Tabor, 
B.Sc., Imperial College of Science, South Kensington. Condensed 
into 27 columns, he briefly but evenly reviews the science of my- 
cology. He estimates that there are about 100,000 species of fungi 
and that notwithstanding their extremely evanescent nature some 
beautiful fungus fossils have been found in time as remote as the 
Devonian period. 

A number of important groups are treated in new articles to 
be found in their respective alphabetic places, e.g. Mushrooms, 
Puff-balls, Truffles, Yeasts, Parasitic Fungi in Plant Pathology, 
Smuts, Lichens, Mycorhizae and Morels. Plant Pathology by 
Prof. Wm. Brown covers 17 columns; Lichens by Miss A. Lor- 
raine Smith, 11 columns well illustrated; etc——JoHN DEARNESS. 


FUNGI OF THE HUMAN EAR 


During the writer’s early days at The New York Botanical 
Garden, an associate who had been suffering with a severe infec- 


692 








ie 








Notes AND Brier ARTICLES 693 





tion of the ear came into the laboratory with a statement that he 


believed there was a fungus on the cotton plug which had just 
been removed from his ear. A portion of this material was 
placed under the microscope and revealed beautiful heads of the 
fungus Aspergillus, apparently Aspergillus nigricans. 

The victim had suffered severe agony from this infection for 
years previous, and in spite of repeated efforts it had failed to 
respond to medical treatment. Having learned what the fungus 
was, he himself diagnosed his own disease and learned the 
remedy. The following note by Dr. A. B. Stout was published 
in the Journal of The New York Botanical Garden (13: 126. 
1912.) : 


“The disease known as mycosis of the external ear of man is not un- 
common. Cooke describes as a new species, Aspergillus nigricans, which 
had been obtained from the human ear. Later he again describes and also 
gives figures of this mould. 

General descriptions of cases of mycosis of the external ear have ap- 
peared in various medical journals and books. One of the more recent 
of these is by the noted specialist Ballenger, whose discussion may be here 
summarized as follows: The fungus forms a membrane black or grayish 
in color and velvety in texture which covers the osseous portions of the 
canal, although the drum head and cartilaginous portions of the canal may 
also be covered. If the epidermis alone is affected there may be no symp- 
toms. If the true skin is attacked there is swelling and inflammation with 
pains, itching and deafness. The mycelium may extend to the middle ear 
or even to the mastoid cells. 

The source of the infection is unknown. It is noted, however, that the 
disease is quite common among bakers and among the poor who are living 
in unsanitary conditions. It is stated that various species of fungi have 
been found growing in the ear, but the most common species are Asper- 
gillus niger, A. flavus and A. fumigatus. 

In the treatment, a long list of antiseptic mixtures and powders have been 
used without general success. In fact, the fungus appears to thrive in 
spite of treatment with the ordinary solutions of carbolic acid, boric acid 
and mercury bichloride. Alcohol is, however, an effective remedy, and 
when dropped in the ear once or twice daily for about four days it effects 
a complete cure. 

A case of infection of the ear by Aspergillus nigricans Cooke has recently 
been brought to the attention of the writer. In this case there has been also 
repeated infections with Micrococcus, resulting in small abscesses. Several 
physicians and ear specialists consulted from time to time were led by this 
condition to overlook the presence of the fungus which was evidently of 
primary importance. The treatment with mercury bichloride (1: 1,000) 
checked the infections due to the micrococci, but the fungus continued to 
develop, at times almost filling the ear cavity with mycelium and producing 
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an abundance of spores. In this condition it was easily isolated in pure 
cultures. At present report the treatment with alcohol appears to have 
ertirely removed the infection from the ear.” 


In lecturing on the fungi the writer has had occasion to refer 
to this incident many times, and recently took the opportunity to 
check up and found that the remedy‘ indicated above has been 
entirely successful in suppressing this disease. In response to 
the publication of the note quoted above, numerous inquiries have 
come in and it has been found that this disease is much more 
prevalent than one might suspect, especially in tropical countries. 
For this reason it is thought that this information might be of 
interest to the readers of Mycologia——Frep J. SEAVER. 


1 The patient writes as follows: “50% alcohol kills the fungi—but tends 
to irritate membranes—so I also use an ointment obtained from an ear 
specialist—use this on cotton swab in removing wax—about twice a month. 
By using alcohol when I suspect fungi may be present—and the ointment 
more frequently—have had no micrococci infections for several years—only 
one or two since treatment began. 
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Acarosporium 188, 200, 201; quis- Aecidium 539, 540; Adenariae 539; 
quiliare 192; sympodiale 190, 200 bulbifaciens 540; Cordiae 539; 

Acaulopage acanthospora 148, 150, goyazense 538-540; Serjaniae 540, 
151, 157; ceratospora 149; tetra- 549; Struthanthi 540; Tourne- 
ceros 148, 149 fortiae 541 


Achlya 375-377, 456, 465; americana Agaricus 204, 206, 214, 222, 223, 229; 








456, 467; americana cambrica 456, 
464; apiculata 456; bisexualis 458, 
464, 465, 467; colorata 457, 464, 
467; conspicua 464, 465; Debaryana 
457, 464, 465; flagellata 458, 4060, 
462-465; hypogyna 457, 464, 466; 
polyandra 456, 457, 464; prolifera 
457; racemosa 458, 464, 466; 
recurva 456 


Acrostalagmus 447 
Actinomyces 153, 154 





abruptibulbus 231, 233; abruptus 
231; albolutescens 468, 469; albo- 
sanguineus 207, 213, 217, 218; 


arvensis 213-215, 222, 231-234, 
469; augustus 210, 213, 227, 228; 
bivelatoides 207, 21 


6; campester 
359; campestris 211, 212, 229, 231, 
635; cervinifolius 211, 229; comp- 
tuloides 207, 216; crocodilinus 469; 
diminutivus 206, 214-216, 479; 
dulcidulus 207, 216; exsertus 218; 
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flavitingens 209, 216, 469; glabrus 
469; haemorrhoidarius 208, 217, 
219, 223, 472; halophilus 208, 217, 
219, 220; Hillii 213, 216; lilaceps 
470, 471; maritimus 219; micro- 
megethus 206, 215; perrarus 210, 
213, 222, 225, 227-229; placomyces 
209, 221, 222, 223, 225, 471; pra- 
tensis 211, 213, 229; pusillus 215; 
Rodmani 212, 230, 231; sanguina- 
rius 223; silvaticus 209, 211, 219, 
222, 223, 225, 471, 472; silvaticus 
haemorrhoidarius 219; silvicola 213, 


214, 231, 233; subrufescens 210, 
222-225; subrufescentoides 212, 
216; subrutilescens 208, 219, 222; 


villaticus 210, 213, 225, 226, 229 

Aleuria rhenana 478 

Aleurina retiderma 478 

Aleurodiscus amorphus 417 

Allomyces 120-122, 124-132, 375, 
377; arbuscula 120, 121, 125-132, 
377; javanicus 120, 121, 
130, 132; moniliformis 120, 127, 
128, 130 

Alternaria 612, 615, 629, 630; Cichorii 
355; Mali 451, 455; Solani 605, 609, 
615 

Amanita abrupta 360; abruptiformis 
371; bisporigera 635; Caesarea 359; 
cothurnata 359; muscaria 113, 359; 
pantherina 234; phalloides 113, 
359; rubescens 359; solitaria 359; 
virosa 360 

Amanitopsis pubescens 359 

Ancylistes 396, 397, 399, 400, 405, 
408, 409, 411, 413; cladocerarum 
396, 409, 411; Closterii 396, 397, 
399, 401, 403, 405, 408, 411, 413, 
414; Miurii 396, 409; Pfeifferi 396, 
397, 405, 407, 408, 411, 413, 414 

Angiopsora 42, 44, 45; lenticularis 44, 
546; pallescens 42, 44; Zeae 42, 43, 
44 


de- 
580; 
583, 
582, 
589; 
583, 


Anthostoma 580-583, 589, 592; 
cipiens 581, 582; discincolum 
ferrugineum 588; gastrinum 
593; hiascens 582; melanotes 
583; microsporum 583, 588, 
Schmidti 582, 583; turgidum 
592 

Anthostomella 582 

Aphanomyces laevis 464, 465, 467 

Apiosporina 172; Collinsii 173, 180 

Apodachlya brachynema 252 

Arachniotus aureus 176 

Arachnopeziza 659, 661; aurata 661, 
662; aurelia 660, 661, 663; deli- 
catula 661, 662 

Araiospora 253 

Arcyria 336; cinerea 258; denudata 

258; digitata 258; incarnata 258; 
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insignis dispersa 337; nutans 258; 


occidentalis 337; Oerstedtii 258; 
pomiformis 258; stipata 337 

Armillaria 472; bulbigera 599; mellea 
359, 383; ponderosa 472; robusta 
472, 473 

Arthrobotrys 152 

Ascobolus 357; stercorarius 107, 

Ascocalyx Abietis 53 

Ascochyta 447; Calamagrostidis 675; 
graminicola 673; pinodella 447; 
Pisi 445-447, 449 

Ascodesmis microscopica 357 

Aspergillus 175, 176, 693; cinnamo- 
meus 268; flavus 693; fumigatus 
693; herbariorum 176, 179; niger 
265, 267, 602, 603, 613, 614, 624, 
693; nigricans 693; repens 176, 179 

Asterophlyctis 11, 12 

Asterostromella 279 

Atichia 179 
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Bacillus coli 261; prodigiosus 261; 
subtilis 261 

Badhamia 349; capsulifera 338; de- 
cipiens 350, 351; foliicola 339; 
gracilis 338; lilacina 258, 336; 
macrocarpa 338, 339; magna 258; 
ovispora 258, 339; panicea 338; 
rubiginosa 258; utricularis 258 

Basidiobolus 152 

Belonidium auratum 662; aurelia 662; 
delicatulum 662; fulgens 662; vexa- 
tum 105 

Belonioscypha campanula 105 

Biscognauxia 581; Bulliardi 581 

Blastocladia 131; strangulata 131 

Boletus 525; alachuanus 525; Atkin- 
sonii 479; aureissimus 525; eximius 
479; flavissimus 525; inedulis 525; 
leucophaeus 479; luridellus 525; 
luridus 113; luteus 520; placidus 
479; projectellus 525; roseialbus 
525; rubeus 479; rubritubifer 525; 
scabripes 479; speciosus 479; sub- 
flavidus 525; subluridus 525; vari- 
ipes 479 

Bolinia 580, 581, 584, 590, 592; lutea 
591, 592; tubulina 581, 584, 586, 
591, 592 

Bothrodiscus pinicola 53 

Botryobasidium 438 

Botryosphaeria 172, 174 

Botrytis 446, 447; Allii 447; cinerea 
443, 445-447, 449, 454 

Boudiera 357; areolata 357 

Brevilegnia diclina 464, 466 

Bulgaria melastoma 102 


Caeoma nitens 486 
Calloriopsis gelatinosa 101 
Calocera cornea 637; viscosa 636 
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Calvatia Bovista 109; caelata 109; 
gigantea 109 

Calycina macrospora 478 

Camarops 581, 584, 589, 592; fer- 
ruginea 588; helvetica 588; hypoxy- 
loides 584, 585; microspora 588; 
peltata 589; polysperma 585; tubu- 
lina 585, 587, 588; tubulina gigas 
586 

Cantharellus 372, 374; multiplex 372- 


Catinula 47; turgida 46-49, 51, 52 

Cenangium 46, 47; Coryli 47; ful- 
vitingens 274; turgidum 47, 50 

Cephalocarpon 447 

Ceratiomyxa fruticulosa 255 

Ceratobasidium 438; cornygerum 66 

Cercoseptoria 269; leptosperma 269 

Cercospora 59, 63, 282, 283, 285, 286, 
288, 291, 293, 296-298; beticola 
451, 454; Hamamelidis 273; hyalina 
285, 291, 293, 297; hypophylla 
285-287; Mimuli 273; omphalodes 
269; platanicola 243; platanifolia 
[platanicola] 54-56, 59, 61, 62, 243; 
Puderii 291—293, 297; Rosae 285-— 
289, 293, 297; Rosae-alpinae 285- 
287, 298; rosaecola 291, 297; 
Rosae-indianensis 285, 289, 296; 
rosicola 282, 285-291, 293, 294, 
296-298; rosicola undosa 285, 289, 
296; rosigena 285, 289, 298; sep- 
torioides 269; squalidula 270 

Cercosporella 269; Fraserae 270 

Ceriomyces alachuanus 522, 525; 
aureissimus 522, 525; aureissimus 
castaneus 522; flavissimus 522, 
525; inedulis 523, 525; luridellus 
523, 525; pallidus 523; projectellus 
524, 525 

Chamaeota 206 

Chloroscypha 594; cedrina 594-596 

Chlorosplenium aeruginascens 104, 
478 

Chrysocyclus Cestri 538, 541 

Chrysopsora Cestri 541 

Chytridium 6, 12, 13, 302; aggregatum 
302, 304, 306, 307, 311, 312; Con- 
fervae 2; gibbosum 305, 306, 311; 
lagenaria 305, 306, 311; Olla 306; 
Schenkii 305, 306, 311; simulans 
377 

Ciboria 195, 478; huteo-virescens 478 

Cintractia Caricis 281 

Cladochytrium Alismatis 486 

Cladoderris 327 

Cladosporium 447, 627-633; fulvum 

451, 625-634; fulvum violaceum 

625, 626, 632, 634; fuscum 626, 632; 

herbarum 627-632; lycoperdinum 

628, 632; Lycopersici 627, 632, 634; 
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pisicola 629, 630; scabies 628, 632; 
Solani 626, 632 

Clavaria 77 

Clitocybe ectypoides 479; illudens 
359, 380-384; tabescens 359, 681 

Clitopilus roseiavellaneus 371 

Clypeus 600 

Coccodothis sphaeroidea 664 

Cochlonema 138, 142, 152, 153; 
cylindricum 151, 153; megaspirema 
152 

Colletotrichum 270, 447; lindemuthia- 
num 451; Trillii 270 

Collybia 20, 24, 27; acervata 21; 
albipilata 21, 41; albistricta 371; 
albogrisea 21; atroviolacea 371; 
badiialba 23; cinchonensis 23, 41; 
dentata 23; domestica 24, 41; 
dryophila 23; Earleae 24; fimitaria 
24; fulvipes 25; fulvodiscus 25; 
Glatfelteri 25, 31, 41; griseifolia 27; 
ligniaria 23; ludoviciana 27, 41; 
marasmiiformis 27, 41; myriado- 
phylla 24; nigritiformis 28; nitelina 
31; nummularia 30; oregonensis 23; 
platyphylla 31; setulosa 28, 41; 
sinuata 30, 40; strictipes 21, 30, 41; 
sublatericia 30; tenuifolia 25, 31; 
tenuipes 30; trullisata 32, 41; 
velutipes 379; xuchilensis 32 

Comatricha elegans 258; irregularis 
339; laxa 258; nigra 258; pulchella 
258; Rispaudii 339, 478; typhoides 
258 

Completoria 413; complens 413, 414 

Conidiobolus 152, 397, 413, 414; 
minor 414; utriculosus 414; villosus 
399, 414 

Coniocybe 32 

Coniophora 275; cerebella 66, 75-78; 
corticola 274; polyporoidea 275 

Coniothyrium 447; pirinum 451, 454 

Cookeina 103 

Coprinus fimetarius 67, 379 

Cordyceps militaris 354 

Corticium 66, 75-77, 133, 134, 136, 
276; albostramineum 275; calceum 
65, 67; centrifugum 66, 77; coro- 
nilla 64, 65, 77, 134-136; effuscatum 
67; hydnans 65; incrustans 67, 78; 
laeve 65, 75; polygonium 65; 
porosum 65; radiosum 65; roseo- 
pallens 67; stramineum 65 

Cortinarius 359, 370, 599; collinitus 
pumilus 599; fulmineus sulfureus 
599; impenis lucorum 600; lucorum 
600; melleo-pallens 600; nemorensis 
599; praebrevipes 369; pumilis 599; 
splendens 599; subcommunis 370; 
sulfureus splendens 599; sulphureus 
599; triformis melleopallens 600; 
variicolor nemorensis 599 
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Coryne sarcoides 101 

Coryneum 477 

Craterellus 372, 373, 440; cornu- 
copioides 635, 637; multiplex 373 

Craterium leucocephalum 258 

Creosphaeria 582 

Cribraria argillacea 348; aurantiaca 
258; elegans 258; intricata 258; 
minutissima 258; tenella 258 

Cronartium 242; ribicola 242 

Cryptosporella umbrina 285 

Cryptosporiopsis 47, 52, 418, 429; 
grisea 49, 52 

Ctenomyces 178 

Cucurbitaria 172, 173 

Cudonia lutea 478 

Cunninghamella 653; africana 654, 
656, 658; albida 654, 656; Berthol- 
letiae 653-655, 657, 658; Blakes- 
leana 654, 657, 658; echinulata 653, 
654, 657; elegans 653-656; micro- 
spora 654, 657; verticillata 654, 656 

Cyathicula 202; coronata 105; quis- 
quiliaris 192, 193, 203 

Cyclomyces 327; albida 331 

Cylindrosporium 63; Heraclei 270; 
Kerriae 270 

Cystogenes 125, 128-131 

Cytidia salicina 65, 67-69, 77 

Cytospora 447, 593 


Dacryomyces 436, 637, 651; chryso- 
comus 636; deliquescens 636, 637 

Dactylaria 147, 152; candida 146 

Dactylella 147, 152 

Daedalea quercina 261 

Dasyscypha 106; citrino-alba 104; 
dicranopteridis 106; javanica 104, 
106; Sadleriae 106; Ulei 106 

Davincia helios 104, 105 

Debaryomyces 182, 184, 185; Guil- 
liermondii 182, 185; Guilliermondii 
new zealandicus 182-186; mem- 
braneafaciens 182, 183, 185; mem- 
braneafaciens hollandicus 182, 185 

Denudata 600 

Depazea graminicola 673 

Dermatea 416, 417, 428-430; aceri- 
cola 424, 428; acerina 416-420, 426, 
428, 429; Alni Aceris 424; carnea 
428; Prunastri 428 

Dermea 430 

Dermocybe 599 

Diachea bulbillosa 340-342; leuco- 
podia 258, 340-342; leucopodia 
globosa 339, 341; radiata 340; 
splendens 340-342 

Diaporthe 17, 449; megalospora 449; 
Sambuci 449 

Diatrype 582 

Dibotryon 172, 173 

Dicaeoma 45; Grossulariae 237 


Mycotocia, Vor. 





30, 1938 


Dictydiaethalium 
258, 261-264 
Dictydium cancellatum 258; cancel- 
latum purpureum 258 

Dictyuchus 245, 246, 248, 252 

Diderma globosum 258; simplex 336, 
343, 344; simplex echinulatum 344; 
testaceum 258; Trevelyani 344 

Didymium anellus 346; crustaceum 
344; melanospermum 258, 345; 
minus 345, 346; nigripes xanthopus 
258; squamulosum 258, 336; Stur- 
gisii 346 

Diplodia 447, 621; Zeae 621 

Diplophlyctis 311 

Doassansia Callitriches 669, 670; Ulei 
671 

Dothichiza 47, 53; turgida 48 

Dothidea 173; sphaeroidea 664 

Dothidella sphaeroidea 664 

Drosophila melanogaster 505 


255, 


plumbeum 


Ectrogella 310 

Elmeria 327 

Elmerina 327; Berkeleyi 327-329; 
cladophora 327, 328, 330; flabelli- 
formis 327, 328; foliacea 327, 330; 
setulosa 327, 330, 331; setulosa 
Reyesii 327, 331; vespacea 327, 331 

Elsinoe 178, 179; Canavaliae 171 

Endochytrium 302, 310, 312; digi- 
tatum 302, 307, 308, 311, 312; 
oophilum 310; operculatum 306, 
309-311 

Endocochlus 138, 142, 153 

Endothia gyrosa parasitica 490 

Endoxyla 582, 583 

Enteridium Rozeanum 258-260 

Entonaema 434, 435; aurantiaca 434; 
cinnabarina 434; lignescens 431, 
434; liquescens 431, 433, 434; 
mesenterica 433, 434; pallida 431, 
432, 441; splendens 431, 434 

Entophlyctis pseudodistomum 310 

Entyloma 276, 526-530, 532, 533, 
535; australe 528, 535; Calendulae 
530, 533, 534; Compositarum 276, 
528, 535; Ficariae 526; Linariae 
528-532, 535; Lobeliae 528, 530 
532, 535; Meliloti 528, 529, 535; 


Menispermi 527-532, 535; Nym- 
phaeae 528, 530, 532, 535; poly- 
sporum 276, 528, 530, 531, 535; 


Ranunculi 526-528, 530, 532, 535, 
536 

Erinella longispora 105 

Erysiphe Polygoni 299-301, 509 

Euallomyces 128-131 

Euanthostoma 583 

Euinocybe 600 

Eupholiota 600 

Eurotium 440 
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Eutypa 581; decipiens 582 

Eutypella 581 

Excipula 46, 53; turgida 46, 47 
Exidia 333, 335; lagunensis 333, 334 
Exoascus 578; filicinus 572 
Exosporium 286; Rosae 285-287, 297 


Favolus 328 

Fomes 553, 554, 560; annosus 66; 
fusco-pallens 332; igniarius 553, 
554, 560; lignosus 683; mirabilis 
332; subresinosus 332 

Fuckelia 589, 592, 593; amoena 593; 
gastrina 593; helvetica 588, 589; 
rhenana 593 

Fuligo muscorum 346; septica 258— 
260, 347, 478 

Fusarium 91, 447, 451, 454, 455; Apii 
451; Apii pallidum 458; Moronei 
451; orthoceras Pisi 451, 455 

Fusicladium 487; dendriticum 486, 
487; saliciperdium 490 

Fusicoccum 84 

Fusisporium 512 


Galera 40 

Galerina 33, 37, 38; acuminata 38, 41; 
mycenoides 32; stagnina 33; tris- 
copoda 37 

Ganoderma 331, 332, 335; amboinense 
333; cupreum 333; dorsale 333; 
hypoxanthum 332; lingua 333; 
Mangiferae 333; Mindoroi 333; 
mirabile 332; subresinosum 332 

Geaster 193 

Geoglossum glabrum 478 

Gloeocystidium albostramineum 276 

Gloeosporium 63, 84, 91, 92, 94, 95, 
447, 561; lunatum 8&6, 89, 91, 92; 
Opuntiae 92, 96; rosaecola 561; 
Rosarum 562; saccharinum 689 

Gnomonia veneta 54 

Guepinia 651; fissa 334; ramosa 334; 
Spathularia 333, 334, 635, 640, 650 

Gymnoascus 178 

Gymnopus 41; albistrictus 365, 371; 
atroviolaceus 366, 371; butyraceus 
trichopus 366; dryophilus 366; 
lilacinus 367; nummularius 366; 
strictipes 366 

Gyroporus roseialbus 520, 525; sub- 
albellus 521 


Haploravenelia 686 

Harposporium Anguillulae 512, 513, 
517, 518 

Hebeloma 359, 599, 600; albidulum 
370; crustuliniforme 35; praefari- 
naceum 370; pumilum 600; pusil- 
lum 600; sinapizans 35; spoliatum 
33; sporadicum 34, 35, 41 

Helotium 79, 195; cremeum 105; 
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fructigenum 79; herbarum Rubi 
478; nyssicola 79-81; sulphurinum 
105 


Hemitrichia 348; abietina 347; clavata 
258; intorta 347; serpula 258; 
vesparium 258 

Hendersonia 84, 91; Opuntiae 82, 91 

Hendersonula cypria 355 

Herpobasidium filicinum 78 

Heterosporium 447 

Hexagona 327; albida 331; cladophora 
328, 330; flabelliformis 328; Reyesii 
331 

Hormodendrum 447 

Humaria granulata 106 

Hydnum alboniger 479; Scheider- 
mayeri 479; septentrionale 261 

Hydrocybe 600 

Hygrophorus 365; eburneiformis 364; 
eburneus 364 

Hymenochaete tabacina 66 

Hypholoma dispersum 28; fasciculare 
359; lacrymabundum 359 

Hypochnus 66, 275; polyporoidea 275 

Hypocrea 435, 440 

Hypocrella 435 

Hypoderma pedatum 664 

Hypodermella limitata 664 

Hypolyssus 440; foetidus 440; Mon- 
tagnei 436, 438, 440, 441; Sprucei 
440 

Hypomyces Ipomoeae 449; Lacti- 
fluorum 478 

Hyponectria 89; Cacti 88 

Hypoxylon 580, 581, 590; atroviride 
586; cylindrophorum 585; luteum 
586; nummularium 580; ohiense 
586; polyspermum 585; pulvinatum 
585; tubulinum 586, 590 


Indusiata 600 

Inocybe 599, 600; albidula 600; Bon- 
gardii cervicolor 600; cervicolor 
600; corydalina albido-pallens 600 

Inoloma 599 

Isaria farinosa 354 

Isariopsis alborosella 271 


Karschia lignyota 103; taveliana 103 
Kellermannia yuccagena 271 
Kommamyce 581; Bulliardi 581 


Laccaria laccata 359 

aachnea albospadicea 478; coprinaria 
106; scutellata 106 

achnella 594; aurelia 661; cedrina 
594 

-achnum Gleicheniae 99, 105-107 

actaria 359; alachuana 360; non- 
lactiflua 361; praeserifiua 361; rufa 
361 

Lagenidium 396, 397 
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Lamproderma arcyrionema 258 

Lamprospora Crec’hqueraultii 478; 
trachycarpa 478 

Lemonniera aquatica 271 

Lentinus 328, 359 

Lenzites 327 

Leocarpus fragilis 258 

Lepiota 206, 359, 474; atrodisca 473; 
cristata 474; cygnea 474; oculata 
473, 474 

Lepista 370; tarda 361 

Leptodermella 87-89, 94; Opuntiae 
87, 88, 92, 94, 95 

Leptolegnia caudata 458, 464-466 

Leptomassaria 582 

Leptosphaeria 91, 172; Opuntiae 91 

Leptothyrium macrothecium 203 

Lindbladia effusa 348; effusa simplex 
348 

Lopadostoma 581, 583, 584, 589, 592, 
593; amoenum 593; gastrinum 584, 
592, 593 

Lycogala epidendrum 258; 
fuscum 258 

Lycoperdon Bovista 109 


flavo- 


Macrophoma 447; Raui 271 

Macrophomina Phaseoli 447, 451 

Macropodia macropus 478 

Magnusiella 578 

Mainsia 542 

Marasmius 24, 25, 27, 37, 359; elonga- 
tipes 25; putilus 35 

Maravalia 542; Ingae 541, 550 

Margarita metallica 348, 478 

Marssonia Populi 273 

Melanoleuca alachuana 365, 371; 
citrinifolia 365, 371; resplendens 
365 

Melanops 585 

Melogramma gastrinum 593 

Merulius 636; lacrymans 490 

Metasphaeria 665; Wheeleri 665, 666, 
671 

Microdiplodia Warburgiana 355 

Microglossum rufum 478 

Micropera spuria 428 

Microsphaera Alni 300, 301 

Microstroma 269 

Mollisia cinerea 103; orbilioides 104; 
petiolaris 99, 107; petiolorum 103 

Monilia 447, 631, 633 

Mycena 20, 23, 24, 78; galericulata 23, 
367; inclinata 367; latifolia 36; 
pelianthina 366; subinclinata 371 

Mycobonia 327 

Mycosphaerella 58-60, 84, 89, 92, 94, 
96, 173, 296; Opuntiae 89, 91-93, 
95, 96; pinodes 447, 448; platani- 
folia 55, 62, 243; rosicola 282, 283, 
286, 294-297; Stigmina-Platani 57, 
60, 62 
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Myriangium 158, 160, 165, 170, 172- 
174, 176, 178-180; Bambusae 170, 
180; Curtisii 158, 163, 167-170, 
177, 178, 180, 181; Duriaei 158, 160, 
162-164, 166, 168-171, 176-178, 
180, 181; tuberculans 167 

Myxacium 599 

Myxomycidium 437, 438; flavum 432, 
435-438, 441; guianense 437, 438 

Myxosporium 447; griseum 51, 52 

Myzocytium 396, 397, 409; mega- 
stomum 408, 411, 413 


Naegelia 253 

Naemosphaera 417; acerina 419 

Naestrocymbe 179 

Naucoria cauralis 474; cidaris 39; 
lubriciceps 33; oregonensis 474 

Nectria 89, 554; Lamyi 508 

Nectriella Cacti 88 

Neopatella 53 

Nephrochytrium 312; appendicula- 
tum 309 

Neurospora 133, 509 

Nodularia 417; acericola 417, 424, 425 

Nummularia 580, 581, 585, 590-592; 
atropunctata 581; Bulliardi 580, 
581, 592, 593; discreta 580, 581, 
592, 593; gigas 586; lutea 586, 587: 
nummularia 581; repanda 581, 593; 
tubulina 586; ustulinoides 585 

Numulariola 581 


Obelidium 1, 10-12, hamatum 10; 
mucronatum 1, 2, 6, 10, 11 

Odontia fuscoatra 65; setigera 65; 
sudans 65 

Oedocephalum 658; echinulatum 653 

Oligonema flavidum 258 

Olpidiopsis 376 

Olpidium 6 

Omphalia 20, 313-315, 326; acumi- 
nata 37; Bakeri 36; campanella 37; 
McMurphyi 38; orickiana 36; 
pigmentata 315, 317, 318, 320, 325, 
326; tralucida 315, 318, 320, 321, 
323-326 

Omphalina 41 

Onygena 178; equina 178, 478 

Ophiocarpella tarda 664 

Ophiodothis tarda 664 

Orbilia 104; Abutilonis 99, 101, 107; 
epiporia 102; leucostigma 102; 
xanthostigma 478 

Orcadella operculata 348, 478 

Ovularia isarioides 272 


Panus 278, 327; coriaceus 328; oper- 
culatus 276-278; patellaris 277, 
278; salicinus 276, 278; stypticus 
luminescens 383, 384 

Patellaria atrata 103; bicolor 661 
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Patellina Fragariae 203 

Peckiella lateritia 478 

Penicillium 175, 176, 179; Brefeldia- 
num 176; glaucum 602, 603, 613, 
614, 624 

Peniophora 66, 276; affinis 65; albo- 
straminea 275; Allescheri 67, 78; 
candida 65; carnosa 76; cinerea 65; 
farinosa 65; gigantea 66, 75-77; 
heterocystidia 67; incarnata 65; 
laevis 65; ludoviciana 65, 69-74, 
77; mutata 67; pubera 65; san- 
guinea 76; sordida 66; tenuis 276; 
velutina 76; versata 65; violaceo 
livida 65 

Perichaena depressa 258 

Peridermium 490 

Perisporium 84 

Perona 440; Montagnei 440 

Peronoplasmopara cubensis 490 

Petersenia 376 

Petriella asymmetrica Cupri 355 

Pezicula 46, 47, 52, 416-418, 426, 428- 
430; acericola 416-419, 422, 424, 
426-429; carnea 425, 427-429; 
Coryli 51, 52; corylina 47, 48, 51, 
52; eucrita 508; pruinosa 428; Rubi 
478 

Peziza aurelia 659, 661; candidofulva 
661; cedrina 594; clypeata 106; 
Oenotherae 203; quernea 53; Wau- 
chii 661 

Pezizella chrysostigma 106; hyalina 
478; Lythri 202; orbilioides 104 

Phaeodothis Hyparrheniae 355 

Phaeolepiota 600; aurea 600 

Phaeosperma 584, 589, 590; fen- 
nicum 589; foedans 589; helvetica 
588, 589; microspora 588, 589; 
Saccardiana 590 

Phakopsora 44, 45, 542; apoda 43-45; 
jatrophicola 542, 550 

Phlebia strigozonata 65, 66 

Phlegmacium 599 

Phlyctochytrium Zygnematis 306 

Pholiota 599, 600; aurea 600; auri- 
vella 379, 380, 384; aurivella ceri- 
fera 600; brunneola 600; caperata 
600; cerifera 600; filaris 600; inter- 
media 600; ombrophila brunneola 
600; pumila mre ne wt 600; 
septentrionalis 600; togularis filaris 
600; Vahlii 600 

Phoma 15, 271, 445, 447; terrestris 
445-449, 452 

Phomopsis 17-19; Calophaceae 17; 
cinerescens 17; Gardeniae 16, 18, 
19, 447; juniperovora 17; Mali 17; 
Sambuci 17 

Phyllachora 174; Ravennae 355 

Phylloporus rhodoxanthus 359 

Phyllosticta 94, 271, 447, 450, 454; 
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concava 86-89, 91, 92, 94-96; 
Opuntiae 86; Rosarum 562; Steiro- 
nematis 272; Trillii 272 

Physalacria inflata 479 

Physalospora 172, 174, 610, 612; 
Cydoniae 598, 605, 609, 610; 
obtusa 598, 599 

Physarella oblonga 258 

Physarum aeneum 348; bivalve 258; 
Braunianum 349; cinereum 258, 
336, 351; compressum 351; dider- 
moides 257, 258; digitatum 258, 
349; flavicomum 258; globuliferum 
258, 349; lateritium 349; leuco- 
phaeum 258; leucopus 258; Listeri 
349; luteo-album 349; luteolum 
352; nucleatum 258; nutans 258; 
penetrale 350, 478; polycephalum 
258; pulcherrimum 258; rubigi- 
nosum 258; serpula 258, 350, 351; 
sessile 351; sulphureum 351; vari- 
able 351; variabile sessile 351; 
vernum 351; virescens 336, 351, 
352; virescens nitens 351, 352; 
viride 258 

Phytophthora 608, 612, 618, 620; 
Cactorum 605, 608-611, 618-620; 
infestans 490; Phaseoli 490 

Piptocephalis 653 

Plenodomus fuscomaculans 603, 617, 
624 

Pleodorina 486 

Pleolpidium 376, 377; tuberculorum 
377 

Pleoravenelia 686 

Pleospora 172, 173; herbarum 173, 
179 

Pleurage anserina 509 

Pleuropus abortivus 368; roseiavel- 
laneus 367, 371 

Pleurotus 278; corticatus 66, 78, 379, 
380, 384; ostreatus 359; pinsitus 66, 
379; violaceofulvus Delastri 278 

Plowrightia morbosa 86, 239 

Pluteolus floridanus 371 

Pluteus cervinus 359, 369 

Polynema aurelium 661 

Polyozellus 372; multiplex 374 

Polyphagus 375 

Polyporus 585; dorsalis 333; durus 
330; fagicolus 479; glomeratus 557; 
hypoxanthus 332; immitis 479; 
microporus 683; mindanaoi 333; 
Mindoroi 333; nigricans 553; squa- 
mosus 379; vespaceus 331; zonalis 
683, 684 

Polyrhina multiformis 5 

Poria 554-559; obliqua 5 
setulosa 330 

Propolis faginea 97, 478 

Prospodium 543; concinnum 542; 

tecomicola 542; venezuelanum 542 
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Prunulus subinclinatus 367, 371 

Psalliota 204. 206; albosanguinea 217; 
augusta 227; arvensis 231; bivela- 
toides 216; campestris 231; cer- 
vinifolia 229; comptuloides 216; 
diminutiva 214; dulcidula 216; 
flavitingens 216; haemorrhoidaria 


219; halophila 219; Hillii 216; 
micromegetha 215; perrara 227; 
placomyces 222; pratensis 229; 


Rodmani 231; silvatica 223; sil- 
vicola 231; subrufescens 223; sub- 
rufescentoides 216; subrutilescens 
219; villatica 225 

Psathyra 24, 39 

Psilocybe camptopoda 39; connisans 
38, 39; coprophila 379, 384; cor- 
neipes 38, 41 

Psilopeziza hydrophila 478 

Psilospora 47; turgida 48 

Puccinia 42, 60, 546; Acanthospermi 
543; apoda 45; Arachidis 543; 
araguata 544, 548; Arechavelatae 
540; atra 544; Cannae 544; Cle- 
matidis 549; Conoclinii 544; decora 
546; Dichromenae 545; distin- 
guenda 545, 548; Echeveriae 666, 
667, 668, 671; exanthematica 668; 
graminis 545, 548, 628; Grossulariae 
237, 238; Heliotropii 538, 545; 
Hyptidis-mutabilis 545; Kuhniae 
538, 546; Lasiacidis 546; levis 547; 
medellinensis 547; meridensis 547; 
Mogiphanis 551; pallescens 42; 
Parkerae 235, 237, 239, 240, 242; 
paspalicola 544, 548, 549; Peckiana 
486; Platani 60; poculiformis 545, 
548; polysora 538, 548; puta 537, 
545, 548; rubigo-vera 114, 538, 549; 
Sedi 666, 668, 671; Sorghi 44, 242; 
subdecora 546; substriata 549; 
tubulosa 548, 549 

Pucciniastrum americanum 242 

Pycnopeziza 187, 194, 202; quisquili- 
aris 189, 190, 192, 194-197, 200, 
201-203 ; sympodialis 188-190, 193- 
196, 198, 200-203 

Pyronema confluens 165, 179; om- 
phalodes 107 

Pythium 409; Butleri 144; ultimum 
137 


Radulum orbiculare 65 

Ramularia 269, 272, 447; Agoseridis 
272; cilinodes 272; Geranii 273; 
Hamamelidis 273; Mimuli 273 

Ravenelia 541, 685-688; australis 687; 
Ingae 541, 550; inornata 687; 
natalensis 687; Peglerae 687; Ste- 
vensii 687; Taslimii 686, 687, 688; 
Thornberiana 687 

Reticularia Lycoperdon 255, 258-260 
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Rhipidium 253 

Rhizidium 5, 12 
Rhizoclosmatium 8, 11, 12 
Rhizoctonia 603, 617, 624 
Rhizophidium 512 
Rhopalomyces 658 
Rostkovites granulatus 520 
Rozella 375-378; Allomycis 


377; 
Apodyae 375, 377; Araisporae 377; 


Blastocladiae 377; cuculus 377; 
irregularis 377; marina 377; Mono- 
blepharidis 375, 377; Polyphagi 
377; Rhipidii 375, 377; septigena 
375-377; simulans 376 

Rozites 600 

Russula 359; alachuana 362; alutacea 
113; emetica 363; emeticiformis 
362; integra 113; lepida 363; 
lepidiformis 363; nigricans 363; 
ochrophylla 364; subochroleuca 
363; subochrophylla 364 


Saccobolus 357 

Saprolegnia 375-377, 466, 467, 485 
607, 612, 622; diclina 464; dioica 
456, 464, 465; ferax 464-466, 605, 
607-609, 611, 620, 622; mixta 456, 
464, 465; monoica 464, 466 

Sapromyces 246, 250, 251, 253; 
androgynus 246, 252; Reinschii 
246, 247, 249-252 

Sarcosoma 102; godronioides 102 

Sarcoxylon 434; aurantiacum 
compunctum 434 

Schizoxylon 98; Abutilonis 97, 99, 
107; aduncum 98; Berkeleyanum 
98; insigne 98 

Scleroderris acerina 419; Lantanae 99, 
100, 107 

Sclerotinia 195, 612, 614; cinerea 605, 
609, 614; fructicola 449; Gladioli 
509; Ricini 449 

Sclerotium 612, 616, 623; Rolfsii 
605, 609, 611, 616, 617, 619, 621 
623 

Scolecotrichum graminis 673 

Sebacina 136 

Septogloeum rhopaloideum 273 

Septoria 272, 447, 667, 673, 675-678; 

acerella 667; acerina 667; Aceris- 

macrophylli 667; apatella 667; 

Apii 451; Brachypodii 675-677; 

Bromi 675, 677; Bromi f. Brachy- 

podii 675, 676; Calamagrostidis 

675-677; cerealis 673; circinata 667; 

crassospora 665, 666, 671; flaves- 

cens 667; graminum 672, 673, 675 

677; incondita 666, 667, 671; mar- 

ginata 667; Negundinis 666, 667, 

671; Pseudoplatani 667; saccharina 

667; Salliae 667; samarae 667; 

samarae-macrophylli 667; Schir- 


434; 
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jewskii 667; seminalis 667; Sym- 
phoricarpi 273; Tritici 672, 673, 
675, 677, 678; Vestergrenii 676 

Sigmoideomyces 658 

Siphonaria 8, 11, 12 

Sistotrema 136; autochthon 330; coro- 
nilla 135 

Solenoplea 592; microspora 585; pel- 
tata 589 

Sorosporium Reilianum 281 

Spathularia velutipes 478 

Sphaceloma 562; Rosarum 285, 561, 

Sphacelotheca Hydropiperis 281; Pa- 
nici-Miliacei 281; Schoenanthi 281 

Sphaerella 59, 63, 82, 86; circumdans 
60; maculiformis 60; Opuntiae 86, 
89, 92; Platani 60; platanifolia 60- 
62 

Sphaeria discreta 580; graminicola 
673; Lamyi 508; lutea 586, 588, 
590-592; rarissima 588; tubulina 
585, 586, 591, 592 

Sphaeronema 46, 417; acerinum 417- 
419, 426, 429, 430; Coryli 48; 
nigripes 419; pruinosum 428 

Sphaeropsis 271, 447, 598; malorum 
451, 455; Salicis 274 

Sphaerospora brunnea 478 

Sphintrigera 39 

Spicaria 447 

Spirechina 542 

Sporobolomyces 529 

Sporobolus 539; indicus 539 

Sporocybe cypria 355 

Sporormia leporina 173, 179 

Sporotrichum malorum 447 

Stagonospora 447, 673 

Stemonitis axifera 258; fusca 258, 352; 
nigrescens 352; splendens 258; 
splendens flaccida 258, 261-263 

Stereum concolor 327; duriusculum 
279; fuscum 66; Murrayi 65, 279; 
princeps 327; radiatum 479; rufum 
65; spectabile 327; subpileatum 
279; sulcatum 279 

Stictis 100; arundinacea 100; hawai- 
ensis 98, 99, 107; radiata 100; 
radiata intermedia 100; Rubi 100; 
stellata 100; stellata philippensis 
100 

Stigmella 56; Platani 60, 61; Platani- 
racemosae 56 

Stigmina 54, 56, 58, 59; Platani 54, 
56, 57, 59-63 

Stropharia 39, 206; bilamellata 359; 
psathyroides 39 

Stylopage 144, 147, 155; areae 138; 
cephalote 141, 144, 145, 147, 150, 

156, 157; hadra 152; haploe 146, 

147; leiohypha 152; rhabdospora 

141, 144, 146, 147 
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Suillellus luridus 524, 525; subluridus 
524, 525 


Tapesia}661; aurata 662; candidofulva 
662; fulgens 661 

Taphrina 563, 569, 570, 572, 578, 
689-691; californica 565-568, 578; 
cornucervi 575, 576; Cystopteridis 
567, 574, 575, 578; fasciculata 573; 
Faulliana 567, 573, 578; filicina 
565, 567-572, 578; fusca 567, 569, 
575, 576, 578; gracilis 567, 568, 578; 
Hiratsukae 563, 564, 567, 576-578; 
laurencia 568; lutescens 564, 565, 
567, 571, 578; Polystichi 567, 571, 
578; Potentillae 573; Sacchari 689, 
690; Struthiopteridis 563, 564, 567, 
575-578; Vestergrenii 576; Wett- 
steiniana 573 

Telamonia 599 

Thraustotheca clavata 463-465, 467 

Thyronectria 508, 509; berolinensis 
506; denigrata 494-499, 501-511; 
missouriensis 506; sphaerospora 
501-504, 506, 507, 509, 511 

Tilletia 395, 527, 529, 530, 533; 
decipiens 393, 394; Guyotiana 393; 
laevis 533; pallida 393, 394; Tritici 
533, 536 

Trametes 327, 384; cinnabarina 379 

Tremella 434, 651 

Trichia alpina 478; botrytis 353; con- 
torta 258; erecta 352, 353; favo- 
ginea 258; floriformis 258; lutescens 
353; persimilis 258; subfusca 353, 
478; varia 258 

Trichocoma paradoxa 431 

Trichoderma 447 

Trichoglossum Walteri 478 

Tricholoma alachuanum 371; citri- 
nifolium 371; inamoenum 30, 40; 
melaleucum 23; personatum 359; 
platyphyllum 30, 40; Russula 359; 
sejunctum 359; sulfureum 40 

Trichopeziza citrino-alba 104 

Trichothecium 152 

Tryblidiella rufula 101 

Tylopilus felleus 521; feralbidus 520; 
peralbidus 521; subflavidus 521, 
525 

Tympanis 417; acerina 417, 419, 421; 
conspersa 478 


Uredo 539; Agerati 544; argentina 
550, 551; jatrophicola 542, 550; 
Melinidis 550 

Urnula Geaster 202 

Urocystis Magica 281; Stipae 281 

Uromyces Aeluropodis-repentis 355; 
bonariensis 550, 551; costaricensis 
546; Fabae 551; Galii 666, 669, 671; 
Galii-californici 666, 668, 671; 
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Hedysari-paniculati 551; Medi- 
caginis 552; Poiretiae 551; socius 
540; Spermacoces 666, 669, 671; 
striatus 538, 552; vesicatorius 355 
Jstilago 679; bullata 386; Gunnerae 
679; Hordei 280, 387, 389, 391; 
hypodytes 385, 386, 389, 395; levis 
389; longissima 392, 395; nuda 391, 
392; Sitanii 389, 391, 392; striae- 
formis. 280, 392; Tritici 280, 389, 
391; utriculosa 280 


Valsa 447 

Venenarius abruptiformis 360, 371 

Venturia 485, 487; inaequalis 487 

Vermicularia 270; concentrica 
coptina 274 


270; 
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Verticillium 447; albo-atrum 445-447, 
449, 450 

Volvaria canalipes 371; floridana 371 

Volvariopsis alabamensis 369; cana- 
lipes 368, 371; floridana 368, 371; 
speciosa 368 

Vuilleminia comedans 438 


Xylaria splendens 434 
Xylocrea 434 


Zoopage 141, 152; mitospora 137, 139, 
140, 151, 156; odontosperma 151; 
thamnospira 141, 142, 143, 152, 
156 

Zythia incarnata 87 











